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AlAJIll U IddUl L£.J«;.U4 'iUuU^U« 2b&}gjJL£ 'iulijl 



4i4jlA4 



: Juuj t 4-ltc.i^j «dl (_yi^-J Juj^ta ££>Juu ^jj V j^)-^ Lr^- (*^ "itlj a^y uaJla ££>Jl>-j «lU JuwJI 



.OiJ 



( _ ;r Ll SjjLdJI 4-)jjJ,l 4_uLU^]| j vlj^—tl JjjfcQj ^'igll (_jjjjlllj ^'irttl p-JLtll! LaLtll 4 iumji,! j^-t-u. 
CjL^>.jIlU 4^e_uJ aLaI'lAzI IJl4> ^Uj £(_La-*JI ,_3J-i-u 4r 2^3^1'J.I 4_l1^XIj 4_j_loJIj 4 J * 2j II cJljLLbjJI jJJllu 
£>J>jlj-a (_yic Lul j J-<yltj (J aL^SLLa (j-*sj - i ^ >1 ^l J^* 1 - 1 ' j^ i~»" 4r- ' ' ' ■"'" (-r^' O-* 3 ^' '^-^ «Jl£ (jjJ ^j^a a JjJ . nil 
(jjju (J 1 <ali 1 j^gj-a-LlII aJl^jJI 4 Ls&g f-^ 4r- La^9 jlj o"i 11 2 1 (J^-l (j-a (jLa-izlj pJLtJL) ycJLmll «L)Lufu 2jJ3 (_y-^-J 

■ Lt£.l ii^i LaJrtiU JjjJI <-fll <^i t, JLti 4JJI 

4 a, > 2uX\ 4_l!jjJI i_ijL*HJI x_a j ajj 4_uL>ol jjalaa. 7c_£j>l_LU jj^U" a p j <j . ,V. t 4_aL*JI Sjljz! O-Iaa- jJ9j 
4jI La ua> ' 4 3 1 <^-i 1 ( J^3jlJ| JJjjjj ' iHalLa y^aUo 4HiJl>- <U-aJLc <_)(JLluI Jj^J ' 4_ujjJljJI 7c_al^JI eLu A_ 
«J_l£=jJI (JiU-i i^JlII 4-illajJI 4-ll^.U j-uLiil jIJlcJ pjij-iius £_ jj^iaj*] I £>jui> C<Jll<j jJ9j £ 4jI ALalLa jyib] 
Jjjj) 1 11 Jit-a-i ^ La ia> ■ JjL>J J^^~" ' '"'"' Lr^ 1 ^^ J 4r- J- u '-*-^' ^-aTLtJ jl £ 4_ujjJl.'JI Tcal^JI $.Lli A_ 4_u_uL_uVI 
(_£Jl!I (^La-til £-^l>JI £-« 4-La-ltil SjJj-51 (3^Ijj3 ij.-irvj ^'igU c-jjjJllJIj 'intl p_JL*llJ 4laL«JI 4 inmjJLlj J-a-til 
j '^— >l ^—ljjJlj Ty-aujjJ 4 1 al^ralLa 2 j-Ia-Li AjL^III ^_ (jLrtUI £>Jui> r-jJej] f^a-til 3_9-" ' '^'-^" l " 4-Lbj_nj 

. 4_u_uL_u 2 I d'il ilU", a JjjJL>iJ ^_ 4_L5Lal 9 J i^-.lj fJ^JtJI ^J 1 11 \ Lfll LtaUll 

4 j'^^itjj LlA 4_a-la-il /o 1 11^ j^jJlaI 4JLa.Hl I Cjljmi.1 L^n-iJjjJtjjii 4_ujjJaJI 4_i t l5j»JI aJJt (JjLIjjj 

^j^ ,^^>-~A\ I j^J 4_ajM-J' '**''J' J v ' " ' ""^~'' 4 jAj^-i jJjLZIj <u_a_p* diLcjjisj^a 4_lISI<j| i~il jl^-ilt A-uLa^ajjj 

j^l 4JJI ^j^a (_LaG 4_ujjJl1II 4_i_uL>JI oJJt tiLijLj jj 11 - 1 * • y ~ , ~ (jr^J fALiil J 'J J? (V LaHl ^laLtll ajlj^lj 
£ JlxSjlIII ^2)-° j-L>»j 1 La 1 •■ La (_ijJLluI_i £ 4laj^LII 4jj_ajjJaJI CJljLgJU (Jjj^sG ^_ j_Lul_La J^— > ■"■« p j ■ ■■" (j| (_J^>-J 

.CjIjL^JLI tfjub 1—1L ■■"^— I 4^.1 /» /<ulJij (_pJI (JL^a-ii^lj dll Ltjlalllj AJl t" 1 nVLj 

;> jai 11 4Jl £>LLbj_ij «Ll>j LJ> I j La ^j ' LlJj ■ ui.1 a LkjIjLcl (jyic (j-La-iL2Ji (^J- 1 u' (J I '"< 411 1 « 



w_ALiJLl j^alajj p j 1 « -V< t 4laL«JI Bjl^VI 



AlAJIll U IddUl L£.J«;.U4 'iUuU^U« 2b&}jjJL£ 'iulijl 




JLuIaJ 



Cjl_a_ala-LU <_lUj_^=j 4_L2JlU o|j_«.tl _L 4_Lal__l A_i___ : JjjJ_ijJI __La^__UI __JL_. i aj___ uijj _XI I j__> _L 
CjI J__II $.l_Lt _L /<u-l— -— > (j--!l Ol_aj___ll J^_a L_i^__:j C __uJ_Jlj J_j^_r_l '**" aaia-La _)-La i SJl_.I ml, I J^j-i- 2 I 
dil J 2I (j_a l__^__:j CjL__IjJIj CjIjLl__JI t CjIjL_>JI 1 CjIjIj_»JI /-— «- <iS-uJLl CjI JjlJJ .. I j"^— -j a»j ilJLuJll 

. Lulj-»fcJlj LuiljjJI ( A-tg.1 LuaJI Cj^?L>J,I iaL^= '2— LajViuiU 2 JjJulJI 

Llljlj^lLAUldJ 

ti. 1 1 n~>- CjIjIj_>JI 1 a * 1 aj 
t_^^JI J^>. - ^ 

— JLl>JI) '2- J_aJtJI 4 <^»<^»y<« — i Ja\j-£. s $\ 4_fc.aL>JI 4_j|j^>J|— (jlalj-C.! flJJ_fcla : 4_Lg.U - Y 

— ~-^j ^— tl f-jlj-a— 4 ^— j^tl A_ul jJI CjLijjlII— 4 ft: La i u 1 , 1 ^^uislj^l — (>uL_ajJ*l — CjUrtMmU 

( CjuLiJI — q La-SJ I (JjJL>- 
. Cj^LsejlJI CjI j — 2j|j_L>Jkl ' jjLaJ — 2j|j_L>Jkl: (J-iJi )""itl ajl pjj ~ V 

CjIjLU >L- oljLU^I ( rt.^CilJ-CiljUflVICilJ; tjyLLuJI Jgajyll g^ - i 

jlji^J Ij SjLuJI ^ ILojjJI f Ij^-Vl 

CjI Jlj>-jj a ^j a-La CjIJI ^j_a (JLoJLjjj c 4 ^— >j *- S I 4_ul jJI c a J 2 » I , I ^L^aiil ^j_a ojm i ntlj jlj^>JI (jl 

. iOJ^ta Cjlc^-a^a A— La>J_p>-jJ ^j^— i q ' l -i-~^ > - ' j ''"'* ' A— J^& AjLAZeja 
: 4_i]LlII 4 ji iiL^VI j_i^l_L*JI (j_a I j -i j -i i ^-" (_^a-ll i '-^ (jC j kill I ^j-^* ) CjIjI J i ntljl CjIjIj_>JI lJiJLjj <C~l>- 
A^i^aLjuL^aLxa AJsLL Jl 4jjL«_^=JI SalUtl Jj_aJ>o {jr lt 4.luiLi^I tilj^>JLl aLojlsj : c£Jjl>J,I ■ 

— (_pajL2JI ) 4 ^— >j *- 1 1 JJij jl^>- (_yu^> (Ji>-JJJ i 2JljL2JI Cj^LjejlII ^Jl Li!j^>Jkl j^j-a Jj-a-C 

.( (_, iil->1l /<> i n^tl — CjI '<'< i all ijij^-"^ 

4_^=j^>JI (Jj ■>" j- (j'<^ ajL mil jl jlj_ > JI (J— SjJ 4jjjj ci Jjt ("utl 4_jJ| (jl: Jjt Mi'tl e^\ ■ 

. SjL i n tl jl jlj-3cJJ SJLSjjI 4J==jj>- (J I 4j^jJI peJa-m x_a I J^~ > ■ ul a ' J-Lc Cj^LsejlLI 4_uljjjJI 



uta ttr 






It-Lais JlJ£. i_dj_^_«JL! LtaLill ajjJUl J^UlL^I ^^ jlj^tl! aJLjLJI CjIjuJ.1: iiaUJI oljmJll 

. Uh>*X\ LuiljjJI JU^Vl 

. LiUj 4_>Lfu Laj ss-Lis^l 2j^>-lj Li!j^>Jkl -1 U.Aj ilajtlllj 4j_j^jJI 




-p^ irTlp 1 1 1 1 ij n i llq -<^ i h 1 1 p 1 1 n i 1 1 fin In II ri iiiin q g 1 1 

gALUl jJ^aJj (W*kail Itbil SjbV I 



I 

I 
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^i^JJ ifcji*" JJ^ 1 £**!■ 



itSyuliiijjjUftJIjjuJIJyJI AlAJIll ulJum LSyJjjJUt 'iUuU^U« ^U&djjJLLfe 'iulijl 



■4J44 




Lq-Lu LaLb Ijj-i t _^alj ->1l .j'- ♦ ' (— c-t-lj x_jlji,l I ^=L-LlL^3L-La 4_i_ulj.i ^_J . I j''J^~~' ' "J *-J1j-U 4 ^~*j 3- 4_i_uIjJlJ 
tjjjJI j-JLtJ «_S1_9_H L^a-uLi ml A_i_uljJi J_La3 ■ L^-ik. LJ9>LLJ jiijj^ JuS J I 4j_«_4>I JSf I^Jjtj jj>-V! (j^njtl JJjJ 
jj^sJkl I Jl-4> fg a£ «jU! <L^=j_»- <L-uIj.} ^_ 4jq ifri j"'^-— I <L>.jjJLJIj <LsLI^=lJI lTu.Lg> L>- J-p-<3 Lq-Lu <LaLfb 4_u-aL>- 
4 -i fc» iV I ^_ 4-Lq-tTi i^iil Cjj_jjJI (_)^'j i-J pi J it Tj ^uj ,d -^~" '."' '-"iJ^rh^ J^ ' 'Ji Lt— *— ^J-*-" u> 



£ £ £ £ £ £ £ 



Jjj^jj]! (jyJj «dJlj £?-L^tlII f-uyre-U (^y-LiCuj 






fix rrr 






: j^JLlII d-iCj" i ill Ju9 (jj^~*"' ' " * Jl>-jJI <?Ju& <UL3~l^j3 ( j J o /, j" *"'" Labile! UkAAjl 



^Lj3_lAJI ^Laj 'LaLc 2J°Sjjua t 3jli*JI ijLtiaX4 



itSyuliiijjjUftJIjjuJIJyJI AlAJIll ulJum LSyJjjJUt 'iUuU^U« 2uSyJjjjLLfe 'iulijl 




jt <4j>^5 4- U*l j^^i o^=^e b J ^ 1 u^ c^iyi 4- ' t>UI h ^ £ ( Fluid Power) lu^= 

Luajl. 'lijJirJ! Cjl_L^=m CjL)_a^=3ua x_L4^><Jj f C lljl ji ntl $.lj_».i x_L4^>o ^_ a Ji^r" i u3 *_)LU Sjjji (JlrJLl (J J I I II 

Cjl_Lt^=Laj a J 2 » U r-LlJVI CjI Julaj £ya ■ aJI kjijJuj {_yz- i"i 4- >*•! (_>"' J^ a Lr^- i a ^ r " ' ""' f-jLU »jJ^ 

<uLjj>o <U^>L>JIj £ <LaLse iJaJI S Juji_ii J Lax. VI jLsol ^j^— » i >a AjjJoJI s-LLlJI CjI Jijca l£UJi^==j Jj^"" 1 ."."II 

p^—-»".tl (JjL-uJ aI Jiitli-ul Jjjj-ls (j-* 1 <-^-Ltaj ' ^}L*^ **..' N ^ '■^■"^1 <L2jj_La-i t A_x2\JL I (_£jL>J,lj ^gjalj Mill 

pjjj lLLjjj^Il! i »j 'j^~- A-L^aoJjjjLjjii *LJl aJa ■ ul aJLjLJI Ajt-uiaJI (^j-9 (jyic t—tlilill aJlst" i n"< . (J5 ^=3ljJ Jj Ji-tJ I 

4_lL>.| i ntl (jlaLUI jl^— i uJ 7"I-JJ <-lLt JlIJ £ jj^>Jlj jJU OjJl>- Jtlc ^LlXLj (Jjfc-lj) i ntl jj'j-^-j f-'-' 5 (jr^ 1 (J-**-* 

. (jLal 4- (_>" J * ' ' 
<jjij CjLtLvC 4- 4_Lc »l it" i iiVI (j^a a, 'V ^y^ 3 *- I 7~ j '" cl: JlC. JlS *-jLU «J J^ £)l aj-piJI Ci^e-iojl Jul! J 

_a^>j JljIJjII oLso^L! Ij-taJ ^LJjjJi-iJI 4 aJaJal a! jLsr'nuL s^LlUIj p ^-— SelJlj Jjiu,i"tl jlj Jj9j . 4J9LLJI 

Cil J ^!uJlj»JI oLo^nUI ,j-a l>f^= 1-iJX. oi^ J 1^' OJ9_aJI 4-J • A^=LStlJI JjL-uJ A I jLseTmi I j A-c^a-dl 

. Aj^aoJjjjLjjii jjIjJ (jj^Is ^j^l Lujj>- jl Ld^=> L^-l3 p ^~~ LSellJI pJIi aj ' ;*—" II 2j JlSJI 

«JjJl»- iaLb C:VUt« tcj^ Jl ^0-tlaJl!lj p^— selll 4- ^-^~" -bj '- r ^ ^ aJaJVl aI jLar'nul ^jl Ji^j 

4j^ U Cujjjl jjfc 4-aJaJVl fljufc IL.J LtiajJI »LpJI 4- VLaAlml j!i^=VI J-jUlj • p^=L^elII pjkj Cj La I JlJcj^u V 

. (J-iJI uuJ « Jl -i ^— > 4-al JlJt" i ii Z l-llj-a (j-« 

Kinds of Oils 2iAftluldu4b^d£L4luj^l£!jji 

Cujj3 4- plj^«^-">LI fl>iVI c-.cl.uJ I _a^ aUJI JjpiJI <>a 4^-j^erLL.u.a 5 AxJJjW U^jj - \ 

. Ij^Li V] p-^tAIiV L^j] ^^ oL^j^ai 

■» *, i ^".'i 4_ulj_pJI CjjjjJI j ^^^ L^Jl (Jj pjT JiJ CjjjJ^s aJlJt" i ul X t < L UL^J UjJ) - T 
Jtl£. » -i uaHll ^j^a jJaj _a^2 lt-^'- iJ Pj^H* 1 ^' ( — x d3 '^ lC- ^t^'-*^' *j'j^ >1 ^' < — 1 '- 3 "J-^ Ar 
. CjljjliaJlj £LyuA\ CjIjLli-u 4- ^£p' ' 1 - L4 ' (* jL ' r """J ,<lt ''^— J aJUJI SjIj^kJI CjLj-jJi 






fix rrr 







Measurement of oil Viscosity ajyilfe-jji^Luw 



^jMJl (j-aj-Jl ov 3 j uwtl (^ «jL^- (^'j ^ Angler > j^l>jI ^-j^ °dP' ^"jlP ^j- 5 o-^^o-^ 3 ^ 

<L>-j.} ^ Y — ^ dlljL i ntl ^_ A-aJiir" mil Ojj-tl 4_»-j)jJ 4-»-j-} ^J^— 1 " (jl (_ylc- 4_UJjj2l CjL^=j_ifo]l ' " i 2 flj I JiJ9j 
. a * 2jlj_»- 4_»-j.} Jtl£. jJbvJI 4j>-j.i A — £ , ^j_a s,l"i Mill Ojjj A * 3jIjj>- 4_»-j.} Jtlc jJbvJI 
4_Lt-a^>- Ojuisj Jj9j A \ * * 2jIjj>- 4^»-jJ Jtlc jJbvJI 4^»-jJ Y ^jC 4_»-j)jJLtl 4_»-j.} Ja]2 jl (_tJVJ I "j 1 — - 
LaLJSjl oliClj CjL^=j^>Jkl OjjJ I La-i i •■ ' I fl-i * ' aj D.A.li. Jl j >^~"- <j \£— <jj a I ^_ CjIjI j-i ntl /-mii^a 
S.A.E. jJ-aj-JI f^J^I "^ <j-° ^^- (3 J ' "JL9 <^*.V*< ° * ' *■ * < Y * < Y • i \ ' (jr^J °d>^ ^**JlP JJ^>o 

Specifications of Oil £ujjIH£j}uUual>4 

. 4 ,>.A^ ', a 4-tj)J I II J j O-jjJI (jl (_yic. (Jj IjjJLl-iS jj^OjJI OjJt jl^JSO («\>J' (j'^~* L«1^=J 

(JjJl^>JIj ( i t^jlr (_£l ) 4ju2Jj_a 4_t_a-u-u J j <-^>^ (j' (jr^ 1 (J J l?-!.'^""" 1 jj-*P' OJJb jljjso (<^J-tl (j^ 3 Lal^=j 

t L£iJi (jr^JJ JS^I 



1 ^ , A^w. 4 \j , , „tl 111 ,", 


S.A.E 10 
S.A.E 20 


4jj 1 1 ntl 4 La i uaj a 


S.A.E 30 
S.A.E 40 
S.A.E 50 


A , S" | 1 -v. , U> . 1 e- 


S.A.E 60 
S.A.E 70 



Lai I dji^a ( ^*- 1 j 9-* J.^ Ojj-tl i ^jj/j_pJI ^JJJJ ijj-i ^^ a CjL^=j_^-alt 4_»-j)jJLtl CjL>-jJ t j£. (JJlJ (JjJu>JI 

. aal",^— tl J.JJ9 _o^3 4rtjii->tlj 2 JjJtJaJI 4Ja-u_aJI jj ^iP' 

< 10W -30 > iLa>UJI J^>J aJ^ aJL^= I j) U! 

V * ^Jl J LiaJ 4^1>._jjJ (jb2 l_t>-Lj/ OjjJI ^)J^~~ ' ' La JlIc Lai 



itSyuliiijjjUftJIjjuJIJyJI AlAJIll ulJum LSyJjjJUt 'iUuU^U« ^U&djjJLLfe 'iulijl 




. sJijLlII <L>-jjJI (—uLso *_iisjj LijI J W i_ 3j->- L«l 

Properties of oil £uj>LJI u^j> jdl^- 

. 4 ^—j -»■" 1 1 eljj>.VI j>U j_i!uljj i _ / ^— ! 4j^L^= 4-1qj i n 13 jj^—J (j! • ^ 

4 A I", ^- 1, 1 ( JjJLcujJ| i_3j)j_ii5 Jtlc 4!L>.j)jJ <L»-jJlJ la I A"-s.VI j^ic. ajJuLtl OjJJLI jiJ*—~ ' ' (jl . Y 

. Jj^JijU Ojj-Jl <LajLiLa ^Jk 4_»-j)jJLJL) ^j i ^- 2 1 , 1 J 

j—ILlILij Lilj^sJkl 4j>-j.} pLfljjl *_a ^I^L>.^LI "ojjLt^=3 4_ajlJLa CujjJlII OjjJ (jj*^-* ' (jl (— cJvj .Y 

Ijakj «GjIjj>- 4_»-j.} «_aj>J LaJtlc «d CjJuso (_jJ-!I > i u^aQll 4-d aX OjjJI .ajlJL) jjl (_o.j . £ 
4_)jL«_i^=3 - i 'j- a /7-J-'- 1 ' -1^~~' O-JJ-JI CjIj_4-4 jl J i nil /yic (J-a-tJ 4j^C 2jLa ,jj^~~ » ' > i ■<^-»l"tl 

{_yz OJJJI uui n <l ,J I (__^_i%3 Lr^ » jjal S-flJI -^ i_£jLc.j-JI Jtois <LajLiLa O-JJJLJ jij^~~ ' ' £)l <— < ->«j -^ 

. I, > uall LajLiLa OJJ-JI (jj^~* ' (jl (— cJvj .1 

4j_a^lll Amelia Jtlc dJJjj^^jjj-ij^aJI --* i_£jLiil_) *'_a*J' (Ji>-Jua Jtlc CiLa- '"f^-aj ^ ' *^ a Aj^J O^ 3 (^J-^ "- 1 

^'^j sell I 4jlj^-l ,J^=G (JJula (j^a Jj}3 I -i^-— tiJj^sJkl »jjt£ ^j^a LiajjJj Ji^JJ 4 ii I" AeJL I dJj^sJkl *lj->-l (jr^ 1 

cjLaLis^fl ojjt aj-23 4j^sL>. cjLaLi-isI cjjjjJI f'j-il ^j^* * Jj ■ A ' | ^* > " <- < < "'j^' i>jLJk ^)j^~~ *" J^^~ jl ?-^_3 

aIj^JI 4 LlSj 4-lLA^ a^La ^j^l SjLlC (jr^J <3^>^' 4 - L ^ 1 J*>'^ ^)J^~~'" 1 " (_jJ-I' ^-4>*J' Jl ftilj ^j_aJj^=Lll J taJu 
: ^Jt CLiLSLusz] oJlAj d<jjjl 4^=jj>- ^jjuj jjjj/IjJLIj d<jjjl diLa- i"i^-a ^1 J i u )| (_yic (J-a-<3 (jjill s-IJijj-u 

• ;.t,,.^_VI . ;„ aal ,xl .^ 

. j^^La^i. VI (JILa OjjJu 2jl jJI ^Ij-ll ^jJ_a^=LJ (JJJ (Jj^soj OjjJI a, > ■ ■<^-»l /jjJU i^ jr it '3 



itSyuliiijjjUftJIjjuJIJyJI AlAJIll ulJum LSyJjjJUt 'iUuU^U« ^U&djjJLLfe 'iulijl 



: cJijIaJjJI CjLsLisJ .Y 

. <L>j3^l Calais CjLaLis^l 
: (_^jLc.jJI *_L« iaLisJ .Y 

CdJJJ ^J^j ^^ 4r- < *- l - i5 L>- 4J-4-AI Li J <— *d>^' ' 'Jj^~ O^ A^soLLlI *l aJI x_l3|Ji3 <Uljj (_ylc- <J-«3-*J (jr^J 

O-JJ-JI <_in i n \\ J j i ■■' Li_d 4 i ia a -» * I , I ajlj^>JI A^»-jJ ^_OjjJI ^_ 4jt o i"itl CjUo^aJU Jlajso Jjj-*-* (jr^J 

: J^=llll x_La iaLbl .0 

. (Jj/L*_lJI lILjLujj jj^a ^j* uaJLI ^_ i nlj-^aJI <U^L>.j <LuJl*JJ «.|jj>-2l ^_ CjJuso (j| ^j^— » 1 ) (_£Jl!I 

. 4_»-j)jJLJI (J^oLla q\ t «~+\ CjLaLiisI .~\ 

. «L>-j (j i ri-^l (_ylc idojlsj <LoG jj^a OjjJI ^j^— ■ -1"" <i— po 4 *^— » 1 a ^-^-J-i (J^l- 1 4*>fl>ij| 






fix rrr 







d^ftll 



.La *_m>. Ct-LiTiJ a! lIL^jso A_ L^al Jiir" i ul ^j^-* a. ' *->LU 2jjji G 

. i^ajjeliJLl ?I_>>.VI (j-U j mi" M (jr^=J A_iaL^= <U_o-u-u Ij jj^~~ '_' (jl "~ ^ 
4 lil'VU (J-ti )""itl i_3_aj_iis Jtlc «G^-j)jJ <L»-jJ_) la I alb. *> (_y-^- ^jjuitl OjjJLJ jfr^a ) j) - Y 

. Jj^JuU *— ■'£>'' 4-ajL'La j^^jb <L»-j)jJLJL) Sj i ■*-■ 2 1 , 1 a 
j—ILlILij <_l!j^>JJ <<-»-J-> f Lfljjl *-« j^l^o^^U Sj '.'^~~' <LajLd-« Cx-uj-^' <— "d}-^ jjj^""* ' (jl (_>,.>.J ~ V 

. l-umIIi (joj>=sJl (j"^~ ' ' 4 i i n < 
I Jufej «GjIjj>- 4^»-jJ x_ojjJj LaJtl£. «U CjJuso ^_jjJI > ' ■<^-»l"tl A-JL^C OjjJI ajLSj (jl (_o.j ~ i 
*13 -1 -^~~* - i 'J" a P?-"- 1 1^~~* ( ^i>J' ^l'j-<J-- a ^1 J i nil (JLc (J-<3-*3 AJ^C ioLa ,jj^~~ » ' > ' ■<^-»l"tl 

. JiJjJI ^a dlj^X\ J^=G J! ^jjj 
OjjJI (_iL i ii <i\ ^J\ i^J|J (jr^ » jjal aAll --* (_^jLc.jJI Jo-is <LajLiLa OjjJLI >jj^~~ ' ' (jl <— «->«J ~ 

. ■■ > LaJLl LajLiLa O-JJ-JI >jj^~~ ' ' (jl (— cJvJ ~ "I 

cJijiailll CjLaLiisI - 6 Jli ..^—Vl «_La iaLiisl - 

jlo^iJI ajsLcJ cjLaLisJ- ^jLijJI «_La iaLisl- 



j^gilllA^uLrUWl 




Properties of oil 


c ^ 1 ^3±) l>°Ip* 


Kinds of Oils 


^^P 11 ^Jdj ^U^ 


Measurement of oil Viscosity 


CjJJJI <L»-j)jJ (j uLlS a 


Specifications of Oil 


< ~ 'j*>~ ' '"' ' " "^ j a 



itSyuliiijjjUftJIjjuJIJyJI AlAJIll ulJum LSyJjjJUt 'iUuU^U« ^U&djjJLLfe 'iulijl 




JfjV 1 3 Jt?->JI Ja uLu> Ju 

( ) 4_Jj_pj - i 'j- a (j-^ ^>-j-Jr" i n a <LuJl*JJ CjjjjJI ~ \ 

( ) aL>JI (Jj_pjJI jj^a (_^a !-»■" i •■" 4-ul^g-L>JI CjjjjJI ~ Y 

( )Newton ^jjj ojjJI i>.j3J i^jji^^LSj - X 

( ) I "Ji"^ C <jjj S.A.E zUjS.A.E XL): <Ll!LjJI CujjJlII Ojj d) Laxa I a^a - i 

*ljIj_i (j a i_l!j >iil «.lj a-l i a ^k^™ ■ l£ (J— a-t3 O—u^lJI '"■ JJ 1 2 J ■ ..^-»VI * La diLsl iisl ~ 

( ) « «...g~Vl 

( ) 4 i a a -» * I , I ajlj^>JI 4^»-jJ ^_ OJJ-JI Jlajso jjj-*-* Ct-U^lII CjjjjJ jLajerJI *_La diLsLiisJ ~ *\ 

( ) ^I^B-a-d 

A-i^j^lj 6 Jl-i o^aVI J-J-a O-JjJI ^_ CjJl^so (_jJ-JI CjIjjJlLII qJsji ■ 1 4_»_lL) jjfc CujXIuI Ojj ' aJJ ~ A 

( ) ,3Lh^»-^I £-*Ihj 

S CjIjIj^>JI i a * i ^-" IjLa (. 1 1 n^./ V^j-u 

ajL ) ritLl 4 ( inlj-II ■- 'j~^ * ' j^-iM/V^j.. 




*i*3* 



■^inl[) lliii)iillr].tvinll pilnill nnlnllniiiiiif)pll 

JALUI jJ^aJj (fcwwu) 2ULa)l SjbV I 



J 

I 

1 

*2 



Y 



aomi uidAtt LSdjj^juA 



4JL1ZUI CjIjulXLj Ju^lLII 4_4jii-U 



,^^> 



^ 



jiA^ 



«UH> 



^ife^i^'t^ 



AIauJI ulJatb JL^jlH 2ujI*U AlAJIll uldatl LSyJjjJUt 'iUjU^Uj 2uSyJ^)JLift 'iulijl 




.4.144 



/<u_> uL-tLs Jlj^jjJI aLIoj . $.m_> Jj_>_uJI ALkuj ^l^jJL) Ju^jTJI jiLku: Ju^jTiJI 4-»laj| ^j-a (jl allied (juijj dJLLA 
CjIjI in a) (jrjLa .J-".; l a (J^L>- J-q-jeTJI *_)!_« (JjLi.u /J] A^Liis^L) ^>L_xJL* ^j_a ,jj^~~ » 1 1 Jj_j-<jJi (JjL-u ^Jj-4-i 'LtS 

4 1 2 *" II cjI julIu IjLilul j '^— > * I 4-LtJvj t I^JLi ju^jTlII ^ fc> < ^c cjIj_l<i^4 S_l«j *LtLi ju^il'JI 

. 0LJ.I ^ "»• '^ * 1 >' H \ ^-i a CjLujjJjOjTJI 



1 1 1 c £ c c 



Jjj^jj]| (-HJ 4Ulj i7-\jxJ}\ «-L^sell (—LaTuj 



AIauJI ulJatb JL^jlH 2ujI*U AlAJIll uldatl LSyJjjJUt 'iUjU^Uj 2uSyJ^)JLift 'iulijl 



. I gJ »£ <LaJtjAaj 

: (jr Lc lj-iLJ9 ujjjlil jj^— j 2 Jl>-jJI oJlA Jl -i^-— I JlIc 

. ilS-LlU CjI Ju«J,Li Jj^ijJI aUaJ J<if aJLjIs 43jjl>s *♦* 

. JlJ>J^I >liaj *lj-3-l ^^ i_3jjClII V 

Jlj^jjJI iLksj «.ljj>-| AjLlLsj TJ-^ *♦* 

CjLlu/j^a^lII (J-»g aJLj-Ls 7"j-^u *♦* 

. XV 4-.-L.all 2j|ju>JI oJui>(jL2jl Jl t_ljjilil J^aJ<j?{ U^iktlfl^Vl^LUb* 

( j'^^jj.' ) ^j^. jL^*. 5 Silrlnill JjL/jJI 
a-uU^-lUIj a-JjjJl-ljJI iLjajVl j Ly ^ju { JI p-^jJI jLu.-vl 5 SjlJL^JIuUUaI« 



AIauJI ulJatb JL^jlH 2ujI*U AlAJIll uldatl LSydjj.UA 'iUjU^Uj 2uSyJ^)JLift 'iulijl 




tUHHl ulJUtlb bUjj^t ^U^U 

4_>-jJ YY* * ^j ,^.^tl 2jlj^>JI 4__»-j.i) A-jJLc ajlj^>- JlJjjjJi^SjJI i-l!j^>Jkl jjij-^il LoJl_Lc . Sjua-La 4_2jjJaj 
2jlj^>JI (_y^l— i L-«t ' 4 LSjlIXi SJl-*JU tiLjj^ejJ ajlj^>JI <jJl_iJ> ^j_a ZYO (Jlj^. ^j_a i_l!j^>Jkl '^" l ' "JJ ■ ( 4->_><- a 
J! i_£J>|_i i_3j_i_u tllJj ijL-3 ajlj^>JI <>Jl_4> (j_a (^aisej II /<u_i joJ I jlj . 2 JljIj "J'j -»^-< 1 j * a (_^aisej II i_>_re-L3 
4_ijikiXI 2jlj^>JI (j_«j_<_i=l 4_ui-== (j-« ^j-^l^-" II 4_JL>. ^_ j^>-VI (_>Jaj Ltill 4 _ r JLcj . dJj-stjjJLI 4 qj i n~>- CjLuiIj 

ljUG ^j_a (_^l CjjJlj>- *_Lt 4 ojl i nj 4_jjjJ 4 A i^. \ Jlj^_l1II a I IaJ «.lj_>-l AJLllo ^i->j 4JLl5 I JwJj . (-l!j^>Ju «.ljj>-l_i 

: 4_JLlJI (_ajliijJI 4J tiJj^e^JJ JJ^iiJI >liaj 
. i-ilj-^-q-U (Jji )"i"ll Sj|jj>. 4__»-jjJ «_j^ i nil (J^i^s^JI - ' 

. a12HU SjudLi iSajuJl LiLic 4- 41»a1 uill -* 

$.1—11 Jl_j_>_u a I la ' j ^l^_J! J_j^ij aLLj 1 «,-A> 4 I 2 *" I , I CjI J—tALi J—i^-iliJI p la ) (j—a (jLj i»L-ul ,jL_c._jj i_l!l Lib 

.0- YJ^^i) 

J*^-* '"' (_r-^- 4JI aia ■ u| J^— d j_y>-jL>JI -»■ La ■ uJI x-L-ajj a I ,^.A'^ '"''''J'-^ ' "I (j-« *'_^' ^J~i^ lLIj^cjh jij^~~ '"" 

. Lilj^tAil 2 JljIjJI SjIj^>JI jj^a ^j — l^-'.lt j£j_uJI ^eJa-m 4ja-l , u a »jLlj ' J* a t _p3j.JLll cJlJUlj 

. Jj^jUI 4r "W*' p^-" ' ""' ; JJ* ""^ oIl.Ul.II 4_laJLc. (j| ii«-p. ljijjL=ta 4j^>L>JI 4l5jH,| Cj|ju«J,Li *I_«JI 



\ \ 



2lS£H\ uldatb iJjjUl A«>tiU 










ii_>Jjil JjUj 




cl aii! dj uj jliij 



f LaU i» yj ^LiU 



*l_^jjl ^J-f^ ,»Lla-)_a s-LXI J~*J-l* jallaJ '. . Y )J' : ~~ ' '"' 

^jLo j^j i 1 * (J^Lj>. Jlx^^cjJI *_)La (JjL-u /jIJ isl-iis 2U <>Li-ll (j-« j|J^~'l' JlJ_)-<jJI (_pL<-u j^yU - 1 la ' 1 1 I Jl^-1 (<u-l 
. XISjuXI CjI JlsJ,Li Ijl JgJ-il u^aVI 4-L<_-yj cl^JI _L)^u ^Lku JjX. Cj I j-Lq.4 3 Jl*j cULI Ju^jj a Uaj j-LaTuj 

(j-ajjjj . ' ( " *— -"^ yl Jjjal_Laj t^liUI aia ■ •■* I (Jj-^>- Jl-J^-uJI (JjLijj ^[jj—uj ^Jtjla ^y£. (J-a-t-i \JSk JlJ^jjJI a I La ) 
(J^Lj>- jj^a J-4-1 i^JJ' *'_^«J' (J-q-t-i "-i-^ 1 *- f AH (J! <— II mil (_£JlII JlJ^jjJI (JjL-u (Jl 4_l>-1 i ntl «.l^>-2l ^j^a ajlj^>JI 
. QUI ala i u 21 (J_a^>- <— il j * nt zl (Jl j_£jj>.| Sj_a gjjl i ntl -ijJt-i («3 . L^JLa ,j — Lselll a (Jjl i ntl 3jIjj>- <J-4->- (JL^- f AX I 

.( Y - Y J^-< ■"■ ) JlJ^jjJI ■> I La * ' (Jjl i ntl QJJ-3 J q" i n" I 1 ^-. /Vj 



^jliJI o 1 )^ 1 




*UL j^I f LL^ Y- YJ^=ui 
- H - 



2lS£H\ uldatb iJjjUl A«>tiU 













t-MI - 

( <UjJi!l) (jiajl a] I tj'j->- 

* miU *^jLii 
Cj 1" i na^a >jJ 1 ~ 

j_iJijfcjJI CjLlIj SjIj^kJI CiLLu-a 







JjjjjJI illaj «iljj>.t :t- V J^— ui 



^r 



iuJLUfiJb-jJ! 
'iSaJuX\ uliatb JJjui\ 'iuaJiU 



ptij ttr 







Coolant ajjaJIJjU 



i— la-uul 


C_jlj_Lai,l 


^jj La j-JLLa 2j|jj>. A^*-jJ Jtlc J-a-reTL) «Lil 


L^a^-jj La^JSjj 


4-uJu<JJ *l>>»Vl \ju^> ^1 i£JjJ 


*j lj -». 1 1 1 I ->- jj ^> 1 . W, a 1 


i_l!j^>J,L) (. 1 1 "Ijj (_£J^IL> 


• _)'<!'" ' il i ' " <! 


>= t ^ 


L^Jt-a ( Jjoul.lJI ^_ a j j la a. dJLui (j-"JJ 



Zo • Li-uiL (Ethylene glycol) j^^hi £_ia JjL^ jj caL^ *.| k;tu ol_dl J j^l^i c_ij_ui J-lIZlIj 



(Water Jacket ) <JUI jaiOII 

'" J ' ' O - ' ■*— *d>-^' tJ^=L-a2lL) ila-i -- ' Qui ala ■ u VI (j-utjj A l"^-» i_d_)_a^>iJ (J^-l J Cjlj_a_4 ^j_C 2jLlC j^k 

( Radiator xjjubijJDj^l 

J] JlJi_j-l1II (JjLijj ajlj^>- ^j_a ,j-~'1~-" tl 4_l3 /<u-i (_£JlJI (j ' ^~~* 1 1 J i>»J . s-L-lLi Jj_)-lLJi - 1 la * 1 ^j-u-Uj-JI «.j^>JI J-&J 

. a I talll ' aJl-Jt" i .i 1. 1 (JjI i nit (jlj_jt^= it coXI (J-a-*-i I a ^— < . (_£jj>JI *l_a<JI 
4_ JlC.1 iiiJ (jr-^=J (jr >-jL>JI *lj-JI 4_£»-l_a-a £- (-dj-^Jkl ALaf aJLoJIII SJljlXI 4_ajJLa 'A- * u.ill Ct-uJ La LJL^-J 

. Ju^jjJI 4jlar 

t(t- Vjtf)tg&tUI>i 

Jj^jj i_d-)Lcjj c_t-LilJt ^j-a c- j iijLa^a ( da i uaal *j^>JI) Jj^xlII i_£jL7ia C-^uLJI - ' 
c_^JL5JI CjLjLj-L) A-lAllj i s \~ i ii^LjJI jl r-L^aJI ^j_a ^^j* Ltax CjLjL^j ( ^— La ■ uJI / ^jJLtJI ) Cjl_Jlj^>JI - ' 



H 



Mult I uldatb iJjjUl A«>tiU 










.( jjiajLflJI 
.( (JjI i nil jjjs » miU *-±yJ£& * i*ii <i II /— lAj oJl (jlj^>JLl .}^>.jjJ ) (_3j_i^a aL^-i^s - ' 
Jjjjilj^s I j | (_jJ-II ^ LflJuXI CjljLjiiL) LiLIjj * miU Cjl_jljj>- Jlj>-I_i Jlj>.IjILs (_£jlj^>- (Jjl_La) Ojjjl -i^-<-s " 




^J„~= .IC ^V J^ 1 -*- 1 »>£ ! 



((jAjLAJJ (jlj^>- (JjJ^j) j-^ull *'j-^' £•- ^ J^-i '"' 



jjLJI «.j^>JI jJJ Jlj^jjJI (JjLu/ j-ifcj u-^ - ' intl «.j^>JI (j-* 3 «jlj^>JI (J 2j 



^_L>- ^j\jj>- Jjl J Q^-3 x_»iJ,l (J-«J«J 
* miU i_i_ulj|j Cjl_ilj_». Jl ijjj^>iil ^j_a (j^a-l "ill Jl-J_)-l1II (JjLij/ (_£j i n \ i_Ljj_>Jkl (Jjt i*ii"< «.l_«jLa . «.lj-JI J-4>J 
jJI (J-il lull ^j_« 3jl^^>Jl J flj 2j ia Sj|j_3eJj (Jj-i^jHJ I Ajuj—ua £jl\-3ua ( jr -ifc_5 aj_jjjJIVI jl ^j-ul—re-Ljl ^j-a & c a I i a I , I 
t_c-ulj^l i-LUj J^L>- ojjjj—a J— u: *-3J— Ul *lj-JI <JJ Sjlj-^>JI i d I" J SID LgJUj Jl_j^j1II cJuLcjj <_^_uLj^I 

.(o- Y J^ &1| j^\) oj\j^i\ cy> l£>I 



^e 



I uldatb iJjjUl A«>tiU 







'AjjiJI sJSUa £jUj" 



^ 



flj* 




*_iiail_) *_LaILa :(Y,0 )(J^3 ■"■ 






u 



2lS£H\ uldatb iJjjUl A«>tiU 














^Vl ^Lu-iVI 



i^*M J5p 




^j jSill a1>j=.j 



L T^jP ^^fr^"! 



(jr^>>^ 






( Radiator cap ) j^tl * Lta£ 

: ».ii,»U »1 Ur L-ajUaj 

. Jj^-lLJI (JjLj-u t_>> i ri" *_U * mil s-J-d Jj-Lc A^tlS 4_tlaJu - I 

. (JjI i nil (jLtic. <»j|j-=*- ^*"J-5 S-iLji^-I a Ua-LJ I daJLia *-3j (jyic <J-«WJ "~ Y 

aI IaJL]l ' ,_}ieiiejJlj JljIjJI Jaj LaJI I *jj i a] ) r-l a i nil - V 

( <UjJi!l) (jiajLflJI <jlj^>- Jlj (j-« (JLajJ^?Li *-ii-U <4- (JjI i nil tt a i uj (jltl! . U'tl i - £ 



(JjI mil j ilaJt-iiaJI i-LLl>- (jr-Lc. 4.1 C^ii-ll LlLiL>JI J-a-tJ ( -^P" *(_U' (J-^ 4- =t ^ (jr^ 1 J-^Xl ?"^ '.'^""J.* 
j L^3 U ♦ - AY) JjJl^ 4- Jai_iiaJI *_Sj (^_l£. *LkiJL> J>^XI <\r,i LaJI aU-lo J_g-tJ . aI laJLtl J-^vlj 
jlj-aTLm^l J if •(ajoIo i>.j.i^ YV~ ) Y^ ) J J JlJ^jIII JjL" «jl>>- ^>-J-> f-^J <J1 '"^ l£-*M W 3 " (JL^blcoJ 
(_£J>|_| i>L._l>. "l-i LaJI TtlLa (Jl LiJi|^a aI a-LaJI Ja-i La 4-a-La ^j-C (Jjl mil Jail La *_ojj_i ajlj^>JI <<-»-j-i a^Ljij ^_ 

. W - 



2l2£H\ uldatb iJjjUl A«>tiU 










t" 



4_iL*a- LiUj 



jlj_^=Jj t ^^ajLltl (j| 



^1 (_)iajl all t_!jjj| (Jjj-La (j-C (JjLujJI *.£.} Jl JljIjJI i Lai LtaJI 
I aJQJI i j-a a! lajul ' CjLlUIji Cj Ij mi -> 1 I j 
J^-l J M-^e-L>^i (JJ ^~* ' L-a-4 pi U'tl » ^Ij^lj gjjl Mill ^ y>- (J-2j (JjI intl ajlj_>. 4_a-j.} (_pal ajol Jl-Lc 
(j->a j^aiseli II I i i ma * ifaXI (Jj (wia.il all tjlj^>- £y* poa-jJu (JjI i nit r-l a i nit (_)ieJLieILt I aLus --"•-' ) Lufcj aI La-iJl 

• l_£jj>JI i Lai LJaJI j uli Cl>] jLl^J^I ^j^a a L^a-lO 4jL*a- LiUj £_ jj^~~ UJ .(JieiiejJI 



( Water pump ) »LX\ "&*a 

. <Ljj^=aj_tl ^j LaJI sj-9 aI JlJt" i ul Jj_jj^a (j-^- Al_La-Ltl_) Jl_j^x1JI (JjLu/ 7c_iis (_j-i^- ^L_xXI 3 -» i a a J-aJU 
Jj_aX. (_ r lc 4-Iu-tXI ""j *— i J I (J-jjJa (j_C «LH^=jj>- Jlj>-I_i j-ujj Jjj^la (]_wC LlILc. (J-a-^JJ lL!j^>J,I <LaJ ri a 1 ( , ' : ~~'j"j 

.JSjil 

:(V- YjS^)*Ul**«w*l>i 



((JjLjJI *_ajJ lJuLcj jl (_>ujj 4j (jjutil (j^ (j-^j-^ o^- ^jLj^-) 



ri ■>■ , >. t I 



O^J 



-^ 



( j A>- i >. t, I ^_piJj (Jj 3 ^- I 2a 1 , 1 0J.U3 £ys <L^=j_>JI J lqJ JljJlJ»JI (j ^ S a a g ) 3 -* 1 2a 1 , 1 -ij-a^l " ' 

.(<*^ejJaJj Ct-U-aj 4 sb I ^*- 1 , 1 N J -T* <j"U Jj^jjJI (JjL-u (_1j i n" ?-La-l) 4_je-JaJ,l LiLlL>- -' 

.(c^j-lIu 4 -* i 2a 1 , 1 bfr-a-g tjlj-i (jr^- L ^ Lg- ' ' ""' Lr"- 1 U~J J' 4-ua.) (Jjji^elLtl /, i nlj-^a - * 

.(4-a-jjJ.lj 3 ae 1 2a 1 1 ajLLa C-ut-uuJ uL^a a J a J- 4^ejiaX I aj-i-a " 

.(4-Je-JaJ.I «xu> (JILa-lj i-i!jj i n\,\ ao-lUVI jl JljJlJ»JI ^j-* p j I Lax) <L^ejJaJ,l Ct-U-a - ' 

. Jl^-lIII (JjLij/ < i^ i n~ Jt-LI, a -»■ i >» I I C-tJ-Lflj udj_>Jkl l^- 1 J UL>. ' , ^~~'J ij 




_ U- 



2lS£H\ uldatb iJjjUl A«>tiU 










. (Thermostat) ( SjIjjbI I 2b-jj |&U ) uLLi$aJu\ 

. * i ii oil 



U LLl^t Jtt I WU.S jj 



aLj-x^sJ! ,jj^~~ ' ' i^jLlIc zl x-iijJI cL-J (J ".'^~' a ^'i 4 j ■« o 1 7i oi_4-> <lLlLo 4-J1 aia i u| (jjJ A La_uaJ I (ja 



^=: 



.(A - Y J^— *■) ^..j^—t I ^JLc , La j , ^j (_^Lj jjjG C<--vj I aiLa 




Cj LLu/^ava^iiJ I ' ■ ^~~ 'j~ '. A - Y J^~* '"' 



(^IJJ aj-J9 Jlj-s ^jjjj-^aiXI f-SJiJ L«-« SJI ala i "^l <Ji»-l-i 4 jt o Mill SjU,! JJl^jJ JlJ^jjJI (JjL-u <Ujie_<_u Jtlc 

JjliJ l^Wi <Ji ^J-" 3 ^''Ij^'"^! (J^l-i 4jtp Mill a^UI (jju -i ^— *" ajlj^>JI <L>.j.} .j'.^lA^'il jjcj al a .^.tl LsoLa 

'£- (jjiJL^so dJLuii jj^-— j (jJ aJLsjJI ojub (jjJjj( ^ ~ Y )J^-— ui £_ 1 n^-— (Jj^j jL-u-a) <4^-j-s iJLaj <J!^L>- 

(JjI intl ajlj_>- 4_»-j-S 4r p"Jjj2(l jlJ tLa-i ^j-ul iii^-^(I (_ylc.lj.iLJS CjLlij/j^i<JI ,jj^~~ ' ' (j-Ij Jj_)-<jil (JjLi-u ajlj->- 

.JLtll JaJI tlaJIJ ajlj^>JI <jj«ejj <U^sL>- 



H 



2l2£H\ uldatb iJjjUl A«>tiU 










< $nU£lA tin" ^ t-itiHK^ 



I 



£> •V J ^-^ J fyinunrminn niDDiirr iTri 



3L 



*LoaJ Aiuju 



_£ 






3£ 






(d!jX*il ,1-uii 



=! ^-^ 



> 



3E 



; diOjliuj'Vt o^j 



^> 



t, BMW ) £/> ■ ' 



^> 



i Z J" 



* kiU (j_a i_LJj^>J,I (_jtlj (j-a CjOa^OvO^jJI 7t^3_J (J-^ 1 i-> ' f ^d>^' LP" dU J' ' " a • ^ - ' J^~* '"' 



(Cooling fan) iJjuJI 2b-j>« 

ajlj^>JI ^j-a (j r^ IV" It i_L!j^>J,I (jyic- *'_Jt-t' ^dLhVi f "'^' S'i.'^lj L - '"^■j (J^^*" *'jj*^' '- ' **" ' " Cr^ 1 ^"JO^ (J-a-*J 
4_JUx. a«.l_i^=j 4X.j_i_u J_ 5 Jul Lumll x_»iiil ijy^- jt-U *'j-tJ' t^-^*- 3 *" * J Wj <Ji ^*"jj>tl <J-a-C i^JJjJJ . a JuljJI 
Jl-Lc lLUJl^sj i 5-LSJllU «Jlj«J,I lJiJSjj *l_ul i_L!j^>J,I o'jJ- 5 Jl ^ c - ^ > "_2>-''' J-* 3 -* 1 4ja &l jfltVij ^jlj^>JI JjLltl 

• ^>^ S J^ ^J- 5 t^' 

1 ^^— 4_iiinitJLa cJlj La i_l!j^>J,l «jlj-=«- ^>-J-i '^■■- L> ' ^ jL ^' 4r J^ J^^*-*^ ^^dhP L^l ^b^* 1 ^' rL"i--vj ^? 

fj\ iaL-a^Li I JLjb S j_*Jtl 4x.j ml i^tjjj *'jV' f-LajJI kcj-ujj »l a~.^-.VI j ^-r 4_JUJI CjLzj_<^JI 4- ^1 

. <L>-jj_U (jijj <L^=j^>J *l_a*JI 4_ajL3i, i^=_uj A_l!L«JI CjLij nit I JlIc I jlj» uill j ;^~-' AJsLLa ,J| 4_»-j)jjU r-Lu^-l 

:( i * - Y J^-< ■"■) L^jjIjjI 4lj i nj c 1 1 n~>- i»-_2jj\l plj-il pj i ""' ^j^- 1 1 * 

Ojjjj <L>-j)j_U j-tJ-u JjjjJiS (j-C. (3^j-ll N J l^* (j-« I j"^~ )j a- Jl>-G i>t.-L>.j I j^— lj )l ^3lj a <J-«-*J ia-a^a -' 

. )« kiU jjjs i»-_jjJLI (_<Jij-ajJ JjuljI aJL-sj <L»-jjJ^Ij 4 9e '^-■ a 'J-^ 3 Lr^ **-4>il 
4_SUaJI Jlj>-Lj fySI Jj j^~- i-iJj-^ta (3-£>is (j-C I j"'^~-J > Jlj>-G i>1._cvj * l_lj^^=J Ll (J-4AJ 4_j>- Jj-a - 4- 1 
1* - a **" ' (* ^ r " ' " a f"J— "' 1^ <fe) ■ ^ jjl La Jl ' 4 I 1 ^." a a f<\ »j j^— < i_lIjVl_tdU ( jJ-jjJa (j— C- 'LJ 4 ajM-tl 



2lS£H\ uldatb iJjjUl A«>tiU 










(J-^j-ll Jij of <>L^>ijl 










ft *=© 







n 



iuJLUfiJb-jJ! 
'iSaJuX\ uliatb JJjui\ 'iuaJiU 




ptij ttr 






d^l&l 



.*Lil Jj^jjj *L^' ^L)-£ ^J-**!' ^£>rH^ ^jLLajLJr" i u a ^JLISj^Is i_l!LL& ♦ 
i j-a 3j!^_j>J! J ^"*" i>t,_L>. ^ LS-ZlXl CjI JlJlILi d)l ^-»j >JLI Jlj^jjJ 4jlj1 Mill a 7i \j Ull ^LiL) Jlj^jI'JI ^jjju 
i>l_us jj-^l l£jI>^" (J-iL-J-«-^= f call (J-a- t J LiUj Julj x call (JjJ-ts <j^ ?. l_a^J 1 ^J\ /<u Zjl JlJ^jjJI *>Li-« ^J\ tiJj^sJkl 
. «. !_a<J I LJ^L>- (_yo j_dj 4 ru^j i_a-)Ll j L$J Ao^eJLa (_. > _LilJi ,Ji>. I J <>LJ, I j_<jj ct-^p- «■ l_o-J Ij ^J-pl ' 
L& j L#_u2_) I JlJ£. JjL-aail 4_L>1J3 4 jt o ."i SjLa /«_3t^- J-<-*J 4 - =t rH J ^l5J'J— ** ^La-i^) dil" i ua^a>!tJI J-aju ♦ 

(Jj-cajJI Jl i^-i|-> La-a 4_Ltta 2jljj>- CjL>-jJ Jtl£. CjIjm i oJI jO-kut-a ^_ L^Lj-i ■"■" (<u-i jl 4_»-j)j_tl JjJ^J * 

. Jit OJ9j IL. Jjiu,i"tl SjIjjn. ia-j-i Jl 

. x utX \ (<^*-»- 

•Cr^j'^' *'V S jl>>- ^J- 5 " 
. x_iiiiLi jLil *l_a«JI jl jJLa 

.liijjsJLI Ja^ - 



Coolant 


jj^lIII (JjL-u 


Air Cooled 


s la_ii JlJ)_u 


Water Pump 


<>LJ.I d ■■»■ ,>,a 


Water Cooled 


i-La Jj^.iJ 


Radiator Cap 


«_jJLl r 1 Uf. 


Recovery Tank 


^j-^ ll flJI (jl_>i" 


Hoses 


oLJ 


Belt 


^u-JI 


Radiator 


» u,{ a 


Cooling Fan 


Jj_jjjJI As^^ya 


Cooling System 


Ju^iTJI ^ 1 Um 


Fan shroud 


<^-jfjS,\ *'3-^ 4^».^ava 



yy 



AIauJI ulJatb JL^jlH 2ujI*U AlAJIll uldatl LSyJjjJUt 'iUjU^Uj 2uSyJ^)JLift 'iulijl 




: a_JLU1 oljL^JI aL*|( X) Uai. jl( ^)^ U}Lc g^/ 1 _ 

( ) 2 Jp-a Aj>-jJ (ji£. <Lta^L>JLl JlJ>^I Aliaj LLjlaj . \ 

( ) JiJ^-lLJI (_pLi-u 2jIjj>- ^j^a q^LsbjJI «Ll3 /<uj (_£Jl!I (jL^aJLI J-&J ^jLOj-JI . Y 

( ) (JjI intl (jLfic. »j|>>- **>J-i S_il_j_^J a Hail I LtaJLca *-3j (jy Ll <J-«JtJ *-<iJ,l s.LLa£. .V 

( ) AJ^la <L>.J-} 'VV- AY J>jJl»- '2— CjLL-u_o-ajf<JI Lkjtlc (jtldj) <J-aJtJ (_y-JI SjIj^kJI <L»-J-> .1 

.* uAS j. UaJLl O i njt (_jJ-I' *> aala aJl La - Y 
.*Jil isejS <_yiaij ♦ 
. JljIjJI i La » i a 1 1 ' a j ' ^-"' ' 7r <i ( m ♦ 
. JlJ_j-l1J| (J-ll i n I (jLjJuLlI ajl^j>- A^»-jJ ^j-a ^_pa^>ij ♦ 
. aI la-LJl ' (JJUcIlII £ys ^j a I -*■" ) ♦ 
J Jiju j-ikj Li!j^>Jkl (J-ti i"i"< (J^al Mia (_fi>La - Y 
S Jj^jjJI ^ 1 Um L-ajLLbj (_fi>La - 1 
S SjL i ntLi 4-ajLJr" i n U Jj^xlII ALksj p'j-it (^^La - 
S^jaJI i La » i a 1 1 (j-a (jyicl itaJtjLa Ccjvj Jj^ilII ALLaJ J-aJU liU - ~\ 

J>J>-<jiI *UI aI Jlsbjj-uI Cjlj_uj-a j-^=>il ~ V 

5 JlJ^jU jlUl .iljlitll-ul ^-S_a-i£. (jyikLa ~ A 

SoQjjjiX>!ij| AjLlIsj 4 _ r 4iLa - \ 

SoQjjjiXjiJl (J.a-t-1 1 '* ^-* - ^ * 

SoQjjjiXsIlil (_£jlj^>JI ^JlILi Sj 1 a 2 1 , 1 La - ) ) 



tr 




■^inl[) lliii)iillq.tvinll pilniH nnlnllniiiiiif)[ill 



J 

! 

!2 



r 



muitutdaitLSLdjijJuft 






,A^ J 



^ 



jiA^ 



^\'' 



^yJJ ifcji*" JJ^ 1 £**!■ 



3jAJltlulJtfdbfiuLl)Ill2Uj&U rtJaiHl uldatl LSyJjjJUt 'iuuU^u« ^U&djjjLLfe 'iulijl 




-«J44 



<^>-j-} f 1 U»/»V 4_ujjfcl jj^a Li Laj LglaX 4_2jjJaj Jj^jjJI /oJi-l f"lj->T ^1 i nil jj^sJkl (_3 Ll>-j_i1u Lajm-l 
th.li.ojj J tiJj^sJkl Ct-uJ3 ALtesJ Tj-Zu (<t<-> i_3j^u a Jl>-jJI <>Jui> ^_ I jJ . 5JLS-ZlXl CjI Jl*JJ Li!j_>Jk Silica 2jljj>- 

Lfej-aX <ULIal ^LlILij 4^=jj»lil s-lj^. 2I ^j-f^ ?3^i ^J-Jj^=j I Ju-aJI f-i-aj (JjJLSjj LgJL^aG f-i-aj tiJj^sJkLi 
'UilAJ! d)l sella uaX\ 7c_ni?j2 l1UJl^=j i_ijJl1JLI i£j" 1 u a ^ja2Hl ^jjjLcjJ ,j--~-1 a dJLuk jlj^~" ' ' <— 3$-<-u <LiLgJJI ^_j 

£jjui dii^-.-^vij <_flL>ji tiii^-i-^vi ^ cijj^ai j».b 6j>] ^1^-,-^vi ^ ^ijiT a3>d ^jlla . i^uji 

dt-UpJI aLIaJ a*La^= *JlC 4- CjL^aL^al^VI <>a 4j}LL!I fljJVI ojuk i£jjjj ^j^JI sLUlII jj <<tl^V.^VIj 

. ^Jj^il *Jd3 J! 
*lj-»-l J! OjjJI J-^JiJ t*_J-2j i] (3j9j-U JJ-a-C t3d>^ O^ 1 (^J ' ^^J 4 MiUjJaJl 4 U 1 nl^aJ Lai Li!j^>iil C o i)j (<uj 
(J^L>- OjjJI *_3Jlj aj-23 (_jJ-5' OjjJI 4 ^- '^^ 4 La ■ ul aj /<uj _o^2 JaJI iJaJl ) Ct-ujJLlI La! £ 4j 4 La-LjJLI ui!j^>J,l 

. ?c-IJ". (J-u-ajjJI pjjl CjuLgJj jjLsJklj 4jr ij/lj^i3JI Jl CxjjjJlII (_^jLta 



£ £ £ £ £ 1 £ £ £ 1 £ £ £ £ 



Jjj^oIlJI (jr^J 'LLllj (^-Ltb-LII f-La-re-U ^^^Laj-iJ 



tt 



3jAJltlulJtfdbfiuLl)Ill2Uj&U rtJaiHl uldatl LSyJjjJUt 'iuuU^u« ^U&djjjLLfe 'iulijl 



L^ajllaaa CxjjJjJI ,»LLaj «.ljj>-lj 4 a D se 1 1 Ct-u^lII jjIjJ pljjlj i_l!j^>iil 2— Ct-u^lll ALLa-i (_y-^- i— 3)-*lL1i 

. Oj)JI ,»LLaJ *lj-»-t (jyic i_3jjlLJI □ 

. C^jpjj 4 ^— J '"■■ J ( j"^— >-j ;) <_P=>j-£- jl<3> 5 Si If I (lltl JjLwjJI 

A-uLo^tlllj A-i^SLjJjjjLa-JI p La * ] I ^_ «Qjj/IjJ CcOJ Ljj ilia I 
4 la i •■ i a 4_u_uJtiifc CjLo^ujj **i>^ (jr^- ajJ^SJI 



T» 



3J_MtlulJtfdbfiuL0_fll**j_tU rtJaiHl uldatl UyJjjJUt 'iuuU^u« ^U&djjjLLfe 'iulijl 




Definition of Friction dLSy_>-_ , l<__j>*_ 

i ,^1 1^.1 (jl_L>.VI >o-ku-a _Lj _y\ i na^LLa £** -» U , „ ^j^j 4___j_»J| <Laj|_La 4JI_i * <tl<^-."-*.VI i__j_u 
_s-ijj _£JJIj i__A>L_U r^ VI (>U (Sjl u__) ^^LiJI -il-ijj __J__L|J 4_=J_*_Jtl «iljj>.VI <J-=i-i ■ <tl^-."^VI 

. ' 'tl^-."-*. VI JjjjJo £j£. SjJlSJI ^j^a j_o_=_> 0"^ 'J-- 3 ~~ ^ 
. ^L___l>J,lj 4 ^— j -»-" 1. 1 *lj_»-}U ajlj_»_l <L»-J_ £- «jLjj - Y 

-»-jU , „tl ^j^j OjjJI ^j^a <uLlSj 4-S-LiaJ Lai A"-s. VI _,__, AO_u ^-Jkj ["J ' " ( — x iL>-* "J ^—"^ CjI mi \ Li_> (j-«J 

. 4__s_ajJI jj^a * , * * Y ,JI * , * * \ _y_i I J^~~' T " ?"j|_>yj 
L«JL__5j J* ' '" ^-La^>- j-u G C.Q.JJ 3j!^>JI CjL>.j_ i alii— a _L <Lail_l <> A . ^ i a ^ , U __jj*.j JjLu-o ^-.t-ujj 

>l 4_»-j)j- _5^> OJJ JU-__-l <__>-J 1 ol^-i l_!j_»J,I el>>-f i"rl^->G 



: lJsUJI -Jl^VKVI - I 

(j-= I -1 I-— > £j\ Q ) n*«.1l 4_J i"i ■•>■ Cj_lj L«J—=_>J I a j ,^-» .t ^j-\ rt i n^t. JjVj-ll ^^j£. *_)L_I I < tl^-."-s.VI ^_t, 

. 2jlj_»_l A*.jJ C_-_3jl Ul^ajj-^al - ftl^-.^VI 

: s >l]M|gn--vVI- t -j 
i <ll^—".^ VI 2^_ (jLa (j-.-sj-*^- l." 1 *" -> ' " Cf>-} Cf^*- 6 ' *\ < " " ^ *— *d}-' O-" J "1^— " " »l _x_ J »^*3 l_l 

. aJL>JI oJl_> 4- J_u 
(j-ulIj-UI £m ^.U,„tl ^u 4_L.t_i.uJj I a_ij intl (____ l_i_j_j aJL>JI <>Jl_> _L (_dL__=___-VI «j_i (jl J__-Mjj 

>_Ju_us *lj-»-l 4- PTJ-^' L_!l_=_I_-V| _j J_soj aJL3_L__U Oj}JI ^J>J (jt^-J l_!1_=l_-V| -____, 4_«.___a (____J 

. _jj_»m_L 

: ^Sj-jJI *L__JI j_ _J__=__-V| - -. 

(J-a-tJ | i- : ^>- A__j__.l Tjia ' u-ll _J-l c_!j_so OjjJI {_ys (J^l_=_-La j l- «.!____ _J| j__jj_*JI *l___JLl _y-~J 

." ^}J l_!__=__-! Vj cJjU. l_!_==__-I j_k "_*" _;! e-\)^- »1 -- = l_ U^lu Luj__a L___»l__==_l_-1 



rn 







I -1 J '--♦ Li 4 [ ( ilitL) (j^ ' n*>tl AJ=3JJ>~ JlI£. J * : -— 1 1 "'"' j I j '^>» ' *_« 

j_t£. S^-i"^.t I ->-jU,„tl j_L*lij iluLjJI 4jlj^»-i (jr Lc A^=jj»lll tiJj^>J,l *lj-»-l (3^j-" (J-**^l OJ9j IL. 

ajJjJI ^j^a^>- i _pajJLllj i Li JLnJI tJ-LJr i n"tl Jjjjj^a ^^^ ^'S^"»' (J^ 3 '-' L - sL»JI i <tl<^-."-s.VI ( _ , , , „jj 

. *L^=lL>JLI Tjk* ' uJI (j-u (_pl ' "II (j-« 4 2 j La JJ-4J J-»-lj (j| £_ s-lj^-VI j£>_uj 4_l^=L^=lL>-^?I 

j-m 4^*.jjJLII jj ojjJI Lai 4^=j^tlil *ljj>-2l (j-u d)L-i5jJL>JI ^_ iioj 2 j j i s* i Trj-l-I' o-jjJI (_L>.j-i 
«jjj^= Sjjj^ij S^-."^.t I ->-jU...tl J^—T" jj^—j ^l1IL>JI l"l^— IL.j . ^^^.L-kJI IL. jLa-L^aj ^La i^L^aJI 
. ( _ 7 J J ajJI a j-a-g (J-ilSja Li!j^>Jkl 2jJl^ j_pa^>. ^Llluj i_l!j^>J,l SjIjj>- 4^»-jj f-Lajjl Jl i^^l-i L<j-a 

Lubrication systems 4>*JI Cuj)j &>i» 

. i LaJi liaJl ' (_£^t>JI O-uJjJI .T 

(j*^- 1 tj 4_l3L^3 <-^j 4jq^-i (jyic (_^jIL>iJ "^ jjJj^aJI - > d*jjjl (_p3jj*. (j| LiLLi 4_l!Uj«JI oJJt, (_^j^>0 

(_p3l_^l Jl>-jJ i^j^IaJI oJJt, (jy^S ^ j 1 1 i_i!j^>m *lj^-l y-LqAJ Cuj^jJLI <L2jj_LaJI tfjak (jyic J-aTLtJ La }La1J9 

^3^-^-11 OJJt (j ii o t m "^ tlLlj^aJI --* (J^jJLI ^a aX (j'jJJ -LLtil (Jjj^sjjJI fjil Caj <lLlLo "^ (^C^La --* a^.Lt.Lg 

J I j^jJLi dijjjl j i**m^ j^jJLi Ct-u^lll (*UJJ <j| aia ■ u VI ^jljjij*. (_yic OjjJI I Jufc jjj ,-^Ijj-I d<jjjl ^_ 

<i_p- (j-ajL^adl |>Lut>.tj < ^ju^aJI AjL^lII > Jjj-ojjJI fjiV jjj^=JI i_3jiaJlj iLcujjjJI udj^Jkl (jr ^lj^= 

(jrL^-l jJI 4*iljU ,„VI jl Jl»- (j^a OjjJI i ta ^■^ 1 — (jy Ll ^■■j^— 1 1 4UlL>. Jjiaj J^ui ^Jl ^■■j^— 1 1 Jjjj Lajtlc 4Jl 

: J^-i Mill 4- U^= c^JI (_>i=3^ Jl "^±^3 
. tv - 






fix ttr 








d ",Uj Ull i C-t-UJUll 



4jjJlj>JI CjL^=j^>Jkl «.lj^. 2 OjjJI ilaJLLa ;_£ j jj-jiaJ I ^j^a 4J2 Ij-LaJ (jVI 4-2jj_LaJI oJl^J (J-«w«-II >, j"*'l Jl£j 

l* ji>)lj£jj*NCUJ>ill (Y 

( jr jj/ 1 j_^=J I (J^L>- O-JJ-JI ■»■ ' : -' AJ-S3 4-Se-L^a Jl>-jj 4JI (JLc aj^Lc 4_2-il i a]| 4_2jj_LaJI 4 i hi" ^ * Jj " > ' oJufc 

OjjJI *-3Jo-i («3 (j-^J (j3»|jJI £ys ^'iljt-. , ,.VI ^jIjJl^. tj\ Zie-uaX I LLaJLiia Coo r-j^oj (Jjj-a jUJ I f'jjJ j^j ■^-» II 
CU_jjJI ' < L<a£ cL. ■ ■ ^-— i^jj i '"'I ^1 ^ uaJl *_3ljj a J »cl J^^-i- '"'' a ' t ^<aj| a i_3j_LJI (Jjt i*ii" 4_£.j_<3_3tA ^JlJLl! 



^* '^ UJ-^=d3 clt dP' O^J-^ c^i ^J^W c ^>" 6-° O-^ g^-*-"^ ^° 






TA 






fix trr 
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CujijJlII ^"j'-^'t i^ . ' Lr J ^! J ^ ( <U - U J-^' '• ' ~~ ^J^~~' ■"■ 



.( *\ ) 7C_iI/J_ll J-tC ( ^ ) (jlj^>JI (J-/0 OjjJI LlTl n t ( Y) A_U-upJI 4-ir i^U AJ-dJ ~ ^ 

IjJ] |_£j_>-l aj— « J>j_*_ij O-JJ-JI lLsJi lJs j|jj_i * <ijb\*t I j . , ,,ljt ^_jjj>. j|j ,n<| CjJlj>- Ijj ~ Y 

. yt-ujjX I J^- ( ' ) £) |j-><-J ' Cy° i — J dL>' ' '-''"''"' ( t ) JaJLuaJ I yr i*ii^-a J^C. OJJJ I J-*J - T 

O Y ) 4-t^jjjJI o-jjJI «l_<Js j^IJ *j -lj>j1II <_P=>j-*-! ( A ) J>j-U Jl i-dJi Jlju c^jJI j_«j - £ 

.( \ ) i U« ,>.tl JljJlJso aLaj^s LlILufc Jl>.jJJ 

: (jlj ojJJI x_jjjjj ( n ) <u_ujjjJI 3LL5JI aj-Sj ~ 

JjJ3j-U -ij-«-*-I <L_u_ujJI Lt uj\j^=s}\ C^jJ^-jJ aJjLoJ 4JLl9J CjIj_l9 Jjj^ia M^ O ) (JJ3j-tl N J *T* ~ 

lj£j\\ JjJtCJ <uljl-> i nVI f IjJ <j"V (Jl '^i"^fl 0-uJ3 - • 

( l * ) CjLoL^=JI Sft-q-C Ct-Uij3 ~ i 



n 



3jAJltlulJtfdbfiuLl)Ill2Uj&U rtJaiHl uldatl LSyJjjJUt 'iuuU^u« 2uSyd£;i£fe 'iulijl 




A-lL^J ^_ 4_uJul>3 4jLlaJL) CjJJJI jl JjJ (_>"J-I' t3d>^ O^ 1 ^'''J'-" ' "N * /yii-|jj| ?e-La-cjJI Ct-UJ3 /<uJ — 1 
(jr Jl>. C^-JJ-II (jui £=> aL AJljU mVI J^>-l J Ji-i-uVI Jl (j <i j ^-itl 4_^=j^»- *l_ul i Jj_loj1II pljj 

■ tlH^J^ 
. OjjJI 2jIjj>- 4_».jJij LJaJLiJajl (j-^ (J^= oW -1 ^ t — l l> J -k3 j0 _9 CjI jl JlC Jl>-jj ~ I — V 

( \ "\ ) i_dj^>il fj\ OJ^JI C-cx^aJ 4^cj3 Jl^JJ — ej 
. OJJJi^-uJu Jtlc a Jl^-"i i uJ OJJJI ^j|j^>J /— LL oJl •- la i •■ II ^_ ( AJ^aLi^) iol Jujj ^'■^ — ( -^ J 

. OjjJI ^j" i n a (jLuJ ( £ ) (jj/LuLa Jt^-_J-> — CJ 
. CxJjJjJI (j^J 4_i_u-Uj_JI 4 A^Utjtl J J i^Lis 2l_) J*>J-£ ^^' "J^~"' <— "d}-^' (J-*-*- 1 — 7T 

uJJJlAfbuM 

^_ <LflJuie 1 1 «.ljj>-2l (Jl JaJLLa Coo 4jl3Jij OjjJI (j'j^>- (j-« OjjJI i.ithi (_y-^- '— *d>^' A "*" ''^ a J-' 3 -*-' 
.4_ujJlII j! 4_2JL*JI -i'jJll (j-« OjjJI ' a-tla-Lll a'-*- ,'^\\ J^a OjjJI (Ji-Jua ^_ OJJ-Ll a I a < ^ ^ < i^apj i-l!j^>iil 

. ajljjJI A^euuaX I j (j-uJJ_pjl 4 "- I a "* ' - > I •»■ i la I , I 

. JjJ3j_tl J)j-a-«-i 2 j^>-ji,l ' _ ' I j * 2 U Lujj>- jl 1^1^— ■ 1^1 J i nil uiuiJil lt-^- i* 1 -"*^*'-'' 2>- L *-^ a (j-Si-*-Llj *i>** 
^j-a 4 <ijl i n~ Julj OjjJI (J^= 7c_ulu_p (<UJ till jjj "^ (JljjJI ( ^it^ > jjjijjjJI ' i Lajul (_yic 7r i"ij-II Jtj-isjj '^^J 

Jl Ci^kjLJ (j| (_}i2 4 ^- I >■ t I tfJjJJ (_^JlII OjjJI /yiC- 7T '"'J-i ALII' UN ) ri< Zl (^J 7T l"l^-H A I JlJt" I llUJ . 4 se i ^- 1 , 1 
jlji,lj (_ijlj^iJI j_3EJ>JJ TCilujJLI J ("l-V J^=JJ3 ^_ (Ji>-I JlII Jl /<U tiJj^sJkl /<> I n-^. ^_ OjjJ I J-*JJ ^J-^*'-^ ^l>**' 

jjji^jJI ' i LajJI 4_l>-jL>JI d<jjJI (_^jLta Jl 7t i"ij-II (Ji>-I J (j-« ' a-Ja-LJl d<jjJI j-a-ij . J iftLxJI ?TjL>- 4-iJ>iJl 
7t_iijJ,l (j-ulj ^4- LLaJLuai! (JjLS j-t£. j*l a i<aJI I Jl4> < i La j i >■ U ,JjL^ jj£. ,Jjjj>o a I a l<bj La^l-i -i_J>£J ^-l> :>, -^' 4r 






fix ttr 







. Y- X flj J^=lAJ! 



<«UI 



^fj ^J-Jii^-1 >i 




M v 




>Ui:Y- Y J^ ,t, 

^j-« OJJJi J-*J_J ( — J d3 - ^' A ""''"' a 7?-jL ^j^a Ja^fl 4 Iaj ■ u ' 4-umJ J ■ flli ■ u ' CjJJJI tt I'l^-a (j| i La a. JA jj Ja ^a ^ se < <a I , I 
JijjljJ OJJ-II I Jufc /— d uaj 7t i'ijJII (J^L>- J_JJ-U Jl*-J. lj_jL*_a 3^jJLi-a <Lfc^3 (J^L>- (Jjj^ejJI ^j^xla i_£J 7r i'ijJII 



n 



3jAJltlulJtfdbfiuLl)Ill2Uj&U rtJaiHl uldatl LSyJjjJUt 'iuuU^u« ^U&djjjLLfe 'iulijl 




-U^titll 



. <L»-j)jJL!l 2 JJulLo CjjjJ Jl>-jjj <_)I_u_ujVI (_yic 
«.ljj>-2l Lalj ^l_uwo «.ljj>-2l j '^— >| (Jl dajLuaJl ) Ojj-Jl J 25 * ) . i_l!j^>Jkl Cuj^j 4 ^j la-La j i£ OjjJI Tciis 



BJL^jJI d^J uLtlkiatl 



Oil pump 


OjjJI A -»-»>. a 


Oil relief valve 


(jLalil ,al a i^ 


Oil filter 


OJJJ1 j-ij-a 


Oil pressure gauge 


i - ,^ij 1 1 , U-i « , \ j ,",J a 


Oil cooler 


C^jJ! Jj-ua 



rr 






n^ ttr 







A*^!>iUuLu>4J 



Li!j^>J,l Ct-U^ll A-aJiir" mil (jjJaJI 7"J-^u' 



1 

Y 

r 

t 



1 



rr 




3 
I 

1 

1 

t3 



^.3* 



_Uj^l 4 ^l-tl 



.c^ i fT>[ |ll 1 1 ij n i I If] .«^ i ri II p 1 1 n i 1 1 fin In II niiiinr) p 1 1 

gLALUl jJjlaJj fiMtaXi tola) I 3>I:V I 



a^uiuijuttiiiLJijjL^ 



aJLaZUI CjI JulXLj CjIcj^uJI JjJ^-'-^J (jiajLdil 



,A^^ 



^ 



^^ 



J,\^'' 



*y» 



Jlijio- JP^ 1 fe**!- 







■4J144 



(J_2j (t-I^. (J-«-*J lP - ^ * aaJa-U I ( jr -iliJ ' < LS-lIXI CjI JljlJJ ^_ 4 a j I , I '"'' aaJaJJLl ^j-a ** ^~~*j **- f 1 J-2-i jL^>- j-lUjlj 
>j_2j (_5J-.II CjIJ^I (j^o 4_La^. (j_c «jLaC J-4> : jLg^JI I JljJij Cj^LjjejlJI (J! i-dj_j>J,l <j_a ^-^J^*^' 4_^aj^>JI 
4J==j^>JI JJlJ jL^>- (j-4-ii <_)i»-Ji-JJ £ 2 JljL2JI Cj^LjejlJI (Jl i_l!j^>J,l JjJ3j_a Nj -t* ^j^a (jljjjil <*>£■ (_H5^ e -'- 1 
J^jJ-Lloj ^j'^ )l aJI (_ r JLc t_3j_*jJ i_3j_uj j j >U I JljJi ^-X ■ al^JI ^ <»■>!! — CjI Li 1 all J^jJ-Llo — ^j-^ )l aJI ) 
ujjjJiU i_. ui^jj ^ ^— 1 CjI a^lall! o juk *lj-^-l (jric CjLiI mjJI <_>iaju till ju=j SIaTlU CjI JulU 2_ CjLLLmiXI 

i~ll ajU/tl iJjui { JA£- CjLjjJaj f\ *"> ^_ <U_!Lc CjljL^a <_)jjljjj ' ....^-." J ( i_£jJi-Ljl jQ^All X_a ( _ 3 _i_o _LLj I (J II "». tl 

CjI aaJa-UI ^_ *j^>- J^-* 4_uj_£>l 4J2j-*-/0 ^j-a 4Jj==laj <-lUjii==j CjI aaia.il I oJlA «.ljj>.| Li (_p3j_*jj (_ 3 jJ'I OajLaJllj 

■ CjI LLcuJLl (Jij JlLus ^ ^j-^ )l aj| 4 a a la * a J^C "^^ ^j-a 4 *^— > 1 i ^j-a Ldjlj 4_L*j>_) La_a 



( C C C C c 



(JLxSjIlJI (_y^i 4lllj <?-L*_Ljl )>_Lq-re-U ^jj-^aj 



Tt 






aIaTlU cjI ju«ILi cjIUl-u-U 3j-^<-»-^j (_>iajLUI ^i^. i_3jjl1!!} SjlJLfcJI 

dll ii i nU Jjjjii^sj ^^jiajLSJLI 4 li I" V U «.lj_».2l lJu^sj 

dll ii . nU J^jJ-Lloj ^j^» " aJI ■ ~<,\\«^—y a (_lc i_3j_*j]I 
d)l ii i all ,_3J_LLuoJ ^iajL^JLl 4-SAjtTj.l 4_ul i »->H gjjl i u \\ Jjs. 

: 3jlJL^IuLdkx4 

4_uLjj_L<i]|j 4_niy UjJ I (Jjl i all (Jj*. (_ylc 2jJl2JI ~ 
AlIliLllj 4_ul!lllj tj^\ CjI Jl>-jJLi 4IiJj.} Ciqj Lw j»UVI ~ 



fe 



"iajljJfiJb-*!! 
At lutluldjdbuUjjJI^jJLLajjfljLaJI 



^ rrr 







J 4, 



jO)I 



al.il «LJI I i^— i CjUIj i nil ^jju-usj Lilj^sJkl (j-LJ A *-— j Jh 1 1 (J L<a^J J-i-iSj j_fi> ^j-^ " flJI {_ya ^j-ujjjJI (_p3j_iJI (j\ 

Jl_Lc J I CjUIj i nil (JjJ-Llp ^_ (jj/J^pJI ( Jjj i*in" ) j-1-L.tJ Jl-Lc * *— Ij -- 1 1 J '^3 (jr-^- (J- 4 -*- 1 *^l ^~* ^-dJ-t-U 
Jjjjti-i^j ijJj_-»J, I (j-L- J (jiajl—SJI *_ Sjj *> ^— -j >. <L_JL». ^_ ijJj_-»J, I J jj^~~ ' '" 4— JL»- 4r •— Sj-^>II J' jl— >^«JI 

. CjLlj i nil 



: jdjL&ll 4£$**« uLJ$5U - ) 

:0 - £) J^— iSJI IL. jjfc I -i^— : 4_jJLjJI *ljj>-^l ^a (jiajUUI l^.y^xji jj^— "" 

ialJ^JI 

( Clutch ) liiig-r^yi ^ji (y 

( ^j-^ )l aJl -1 La£. J JaJLuaJ I (_^2>jJ9 ) i toil uaJI (_^ajj9 icj^i^ta (V 

( Release Bearing ) ^uji i*^ (i 
( Release Fork ) jj>^i!I i^=jA (o 



iLflil ^Uac. 



^iaJLaJl jJ^pJj AS _jjJ 




fUaJ ail VI VaJ (J^cLz^a 



m 



2J2£UI uldatb uLc>uJI j£jJLudj jajliJI 



^ rrr 







_o-jfc I o^-» ClUlj i nil Jjjjijj^ jJJ udj^>J,l ^j-s LJLSUjI *jj i_dj^>Jkl (j^a SjJjJJ 4j3l_LaJI (jLS ^j-^ 1 1 gJl /gj i"n" Jtlc 



. ollif 



J-^J- 



>£jli>*£ 




dtfk-Vlj^a 




kiuJI jap 




^uLUuLUi. 




AaiiaJi 











sFlywheelialJi^l- ^- ^ 

<lcj_a_3!ia ,jj^~~ UJ I Jl>- /«X.u L^-ujUv Jl>-Ij JjJ3j_tl Sa-aX ^_j-<-al moi i " ■ Cm \ u ^— i (_ijL*_a (_^2>jJ9 ^^^jb <L3IJlj»JI 
ba-a-g x_a i La » i a ) I (_^3^J9 <Lcj_«_3tAj <LaljLj»JI JjJ^J c<LsIjl>JI ^j^a /«x.l_Lll i_<-)l_>JI oLsoLi Cc-iILa i La » i ia ] I /^ysj^k 
(^Ll Jl L^JLflj J-jJS (3-^jJII -Sj-a-C- (j-C- 2 j SI L*aj| CjLiJljJJI (jol ualLal j_(4> 4_al Jlj»JI -Sj-^-J (j-a (_3JlJIj (JjJSjJU 
Um mJ tiJj_>JLl (j'JJ^ (jr-^- (J J ' a "" " U * "■Vl tlaj i"i (j-« jt i"itlj 4Jsl_LaJI ^jjjjso j_ii> i_1UJl^= ( J^ LI I SJ ^3>| 
J 1 '— I ifuJI ' tl^-* J-"* 1 0^~~' CjLaJt_i-iiiI j^^Laj l^'-tH L-* 1 ' La ^ a <j->l>" ** (j-* jjj^""'*''' CjLsI Jlj»JI (_)iaji ' J < <LajJt-)j 
(jr jiL>JI «.j^>JI (jr-lc ' ■ i ^~-JJJ ' (J-2>^ \j -i^* ajj>-La (jyic ' . , ^~~'J_' <Lal,lk>JI <j-a (jr aLa2l «.j^>Jlj (Y~ 0(<^J 
4 a, ) ua\i (j-aU.1 *Ji 4_sl ju»JI ^j_a (JJ _sL«2l s-j-^tl! (J-2-b i_dj^>Jkl ^j-CJ (jJajLSJL! i Lai L*aJI (_^3j_J9 4_al ju»JI (j_a 
Li!j^>J,l (j-a SjjLuaJI CjLiJljJJI jlj^U ^Lilflj £jJ^>o i^Jill J- 4 I Jufcj er^*^' O"?^ Jj^=>" J^ L^W^ 




SalJ^JI: (Y - QJ^r;, 



rv 



"iajljJfiJb-*!! 
At lutluldjdbuUjjJI^jJLLajjfljLaJI 



^ rrr 







( clutch ) udl^-,^1 ^jl - Y- \ 

*_a (j i*in a j-f4>J (Y - 1) (<u3j (J^a '"*" ' O^-y* J-* i^"-* JoJLtlaJ I ^yajJb^ <Lal Jlj»JI <j-u ^j-^ " all (_^2>jJ9 I •*~~'j ' 
LoJl-lCJ 4_alIk>JI (jr lc ' ill ^—".^Vl j^^ojjs . Ui i^i i Ui <>.tl ^jj.^ aj-2jj CjLcj i ii II JjjJiiua £_ ajjJiJI >J-»g 
cliLlj mil ^Sjjus '£— SjjJiJI -3j)af Jl ial!k>JI jjjs (jljjjJ! 4-^=j^»- (J-^-9 (*J^J *^' JlJ>JI *_a I <tl^—",^VI jjJj 

. (Jdj-Jl 03^3 jlj a" i nLlJ 4jj(3 i aj 



4_u vs,. t kj o l -\'i 






.'Ju' 



*_a ljjLi^=s <LajlJLaj <LtdJj_tl ^ i\t .^.tl i j^-l""' (_y£>J ' (j-uL*-<Jl (j-a *— ^'(j^*- 1 c£3-^' (J-"0~ '■" ' '"3?) (j-a { <tl<^-."-*.VI 





(3-a^J <J3 



^=u 



i ^jl (_ r lc a^lIXVI J I ^jj/Ls-LII ^j^a ,aLiuj_) j_ial m a \ S-Jl La dl oJufe d-iTiJj t AjJLc ■* j^— il ^— »"-*- 1 4.a-LS 
(j a ^ ■"■ ' Jljlj ' ■! uaJl ^^^aj—SJI (jL3 Jjj Mit'tl <Lajjt_i ajLjjJj ^^JljlJU ?cJa mJu jj^ijs^LLj V. (-Tl^ l_ujJij /a— a Y 
<>>j-S]l JaU i>,M J^ui LfL^= Jat~it (1- 1) J^i ,iitL> 1 o^-, ( Cupped ) i^H^La L^lj-U ( SpHtS) 
3j_4iLlaJI oJ^Jt (jr-iLc- i—JJuJI (j ^~» al JlJiS aL^tS s-ljUj^l jl (jjajgj (_paj_*jj Jjt i""itl *JtJ JtJ£. ^^^j-SJI (jl vi-L>.j 

(j^^ 4-j ^l^n^l I jut (^ai i^,-ia^ a. ■■■j^^ ( Coil Springs Tensional) a_u1j^> oLL >i j^^l^Li 



VA 



"iajljJfiJb-*!! 
At lutluldjdbuUjjJI^jJLLajjfljLaJI 



^ rrr 









<tl^-,^VI ^LUj in^jj : i - IJ^-i.t. 



m 



"iajljJfiJb-*!! 
At lutluldjdbuUjjJI^jJLLajjfljLaJI 



^ rrr 







^ytsjJb 4-C^ajxji ' ■ ^3Uj I -i gJ '-^ a ^3 ^-» i >Va ^j^»" flJl «.l_La£.j Jail i a II (_^aj_J9 (j_>s ^j ^-."" ^^ Mj 
«Jl_l>- a j j < <a ' ij'jjjJ' (j^a L^ 3 ^"'"'^ L*L*J ^jjj- jlj^ - *" o' ^^ LiUjJ Li!j_>Jkl JjJ^J <Lsl Ju»JI (_ylc iLaJu ia 1 1 
jJj(V_/lUtCll) ' f " ^aja. VI iJLLaj (jjjLuLa 1 y>iAJb LujJij j j ^— i ia j AJJ I JljJl>JI ^j-a i LaJi Cal\ (_^>jJ9 *_Lu2Jj c 
a_& I i^— i «.l_L>j zl 4_djlJLlj 4_ujI_>JI ^ga flJl (J-c^diJ <LJLLaj a >'»A^— ■ 4^— >1 ^ . „ i ^j ^~~*J^ (*" c, ~3 (j u I at Tela ■ •■ 




i j^5j_J3 i La » lis J ! J 4_<_3 <LajLJr" i u-ll ^j>» ilj 'A\ pa_) t. . m->. I a * i a I ij S^JljlLo ,J'^~~ i ■"■' 4_lJ3 ^j-^ )l SJl -I Lag Lai 
(*\~ 1) J^— i ui ^JJ-Ij-I (jiajljj jl 4jJSjJ (_)iaj Ijj (jaa=3J (j) Lol ^j' 1 * i dLajuLv^l 4JLLaj (jyic <-LaJ> uaJl 





4_uJjJ ^^pajljjj jj>-Ij 4jJ9jJ ^j>» ilj /> ^j>. iLfl «.LLaC : *\ ~ ^ J^~ ' 



2J2£UI uldatb uLc>uJI j£jJLudj jajliJI 



^ rrr 







: 4jJqJI L)ljJ,L) 4_uJjUI ^j>» >lj /tl CjI j £}£. 4_i]3jjjM ^j ia > I a I ] I CjI j ^_jiajL5JI (_^2>jJs icjji^a J_lsjjj 

<LLl!J3 (jiajLSJI <L-ulj.} Jj* ifuJ ajJS • 

^yiljill pjjJL) AJjULlL) i_£_aL_iuJL) Lcjj^a JaJLuaJI (_^>jJ3 Lr^ 1 ''"' .jj*""""' ' • 

3 JijL LaJI Sj_i!l 4-3tjjJ 4_JL»JI CjLcj intl 1|_ ^yJjJLII (_jiajl_Lll (_£J f- j_Lll jj-a ^^ajlJil! CjLjI^J aj-J9 J_53 • 

^_j-i3^_5jl (_J Lc JaJ> L^aJI (_)iaj A-».~. > >j_5j (jl >j^ ' ' J ' .' ^~* ^^ lt 1 jj^* ^ O^J— ^ J ^~~* * "' ' o' >j ' : ~~' ' * 

■ Url.MI 

(jr l£. Ji_J^iTiU ' ^ 1 1 1- j . ■ l ^~ l> " 1 ' 7r <1 1 m l_a-d l$JJ ->t,l c\->^z\ A. 4_i_u==>^J A. aj-Lt_i^y <L>-1 ma ' 1 LIqjj * 

•ji-Vl P3-LIL1 iJjLis LLJJa OJ^=3 slj^VI JiJl£. • 

PUi te position at disc wear limit 

Normal position 

Maximum release position 



T3 

o 




Normal pressure 



Movement of pressure plate 



Diaphragm spring type 

Coil spring type 



4_tic 1 La ♦ 1 ia ! I jl jJLaj i Lai uaJI (_>-a>^ 4-^=j^>- ^r*_)4J9}L»jM ^LTe-La :V ~ I J^— 1 ui 



i ^ 



2J2£UI uldatb uLc>uJI j£jJLudj jajliJI 



^ rrr 







^ t" i n t lLjji i a I I Q^jJt 4_Cjji^a ^j_a (j\£.^jA\ (J_^=J 4_tld JaJi i ia II (__>-£>j_J9 ■* ^— »j a. (j-L_ 1 4_JS^L*JI 7t_>_iiyjIlJj 
^j>. ilj /tl CjI j i LaJi LJaJI (_^2>j_J3 4_Cj_«_3!i3 < q~i i ai,l Ja_>JI (J-Iujj <~t— -L>.J (V - £) J^— ■ Jill £- (— iLllII «_ujjJL) 

. 4_ujjl!l ^j>» II all I CjI j i La » i ia II (_^2>jJ3 4_Cjji^ta « La 23 1 1 i La -•- II JIL4-I Lia-Lu 4_l3jjJI 

Ola ( Normal Position ) u^UJI j-^yi 2_ ,U; .Ml ^jJa ^^ ( Po ) <U; uaJI jj^j Uj^ 

(jl_a (j-iajL2JI 4_uilj.} (jr-^ 1 J oL^aJI tLaJuJaJI 4_JL». £- L<a-Lu ^ruij_Lll }l-^= 4- ^jgLmlLa jj ^— •"■ ■J"^— j^ 
(jr JLc .Ul ,„tl ,Ui .Ml ( - > _ a J_J9| jj ^-j (P2) 4_l2jjJI (^iajlj-LlI olj 4_c_o^>Jkl Cr i£. <-LaJ uiX\ '^« '^ 
jjiajLSJI 4_uilj.} (jr-^ '^* '"^ I j-wl"^.*i ^jjJI ajJi!l (jLfl ^LlILlj ( r2 ) 4_uJjJJI ^jJajl aJtJI CjI j icjj^sJkl 
CjI j 4_Cjj^j>J,I 'A- ( P 1 ) (jj_^=ijj (J-2j 4_ilg, Jai tia.II (jL-2 JaJLJaJI (_p3j_J9 J-^alj Jl_Lcj J-^l jj ^" 



aj J_dJI jLa ^yJLiJljJ j-i-Vl faijl 4- JV^ Lq-Lu 4JLJI jufc 4- <3X)-^' V J ' "J ^ L*- 4 *^A^ 0"M>^' 

. (J^jV ( 4_l3jjJI ^^iajljiJI (_£J ) j^>-VI 4_La-mlaj 4.1a 2 1 1 1 

: ^j^ejJI A^aj) i"ij ^jJ-> '1 all 4 o-»-q - l - 1 
j—Jj tjLaj I JJ^ ' •*~~'J a «LlL>- (j_a >jj^~" '"'"j A^aj) ui 1 1 <LL^la <L^=jj>. i_l!j_^jj 4_2JL>- ^y£. ajLtC (_y^>J 

iyi LjLp>T tjJL? pLajJI ,^-c. ^IjLi-uij j (A- i) J^=_i 4^=j_A!l jl_^=3jl j_bj ( Ball Bearing) 

C^lj^>JI 



iJljLl & [Ja^-q 




1 a La un 



riiijl^Jl AS yii 




jJtj^e-t}\ <L^=jjIuJ ^jJ-» '1 SJl ^ ^->-Oi :A~ £ J^— 1 ■"■ 

^„^Ul m (jL^J^I 2_ ( 4_<utAll ) 4 Sl>JI x^Jl^j^VI (_3j_LaJI (jLa i^aj-iiil j-^tJI i_3j_LaJI ^-IJl^ J-JlCJ 
^_3J J-us j^ysjJai] lit 1 11" LbjjJ^j (_jJ-II ' La » 1 a II (_^2>jj3 4_Cjji^iia ^- ' Jj-*-**' ^ ^~~'J "*- 1 1 fj^l Lr^ 1 tiall 



it 



"iajljJfiJb-*!! 
At lutluldjdbuUjjJI^jJLLajjfljLaJI 



^ rrr 











: ( _ r L La CjJu><j ^iajLaJI '^uiljj (_r^- * 



jaJl^lJdULwJ- Y 



: (J LtaAII 4_'-Ul£. 



^j-^ " aJI ^jij_>iJ 4^3j) i"i lLLj-icjj ^j-^ " aJI 4_L^5j r^J-^-J ' ^ 

. JaJijJaJI <_>£>j-3 <4- (jjLj^-VI x-iLi-al jf ^-^jil Jj x-3jJI J-4-^a (jiajLaJI jjj^so 4^=j_ii x_3Jlj/ Y 

,«JSj J^— i^JLj (j^tja J-* Lv^= , <tl^—",^VI S'iIU^i ( -j£, Lu*J JaijiiJI (_k=j^ iJ^-V fjL^> I jl fj- 5 ' '-. ' * ' "" ^ 

.a- £) 

CjLzj mil Jjj^Lu-a j^ ^^~! 'J *"^ J'-**^ (^ lLUJljj £sl Jlj»JI foe. > <tl^—",^VI 4JLLaj J , ^ A ~ /£ 

'. (Jb La CjJlj>o ^j-^ )l aJI 4_uljJ (jr^- Cy° ' * ' ^ ^ ^J- 1 Lajiic : J^sjJI 4_lLsX. 
. rjLjtU *-3 jJI Jji^taj rjLjtU ^j-^ il aJI 4^=3j) i*ii jj_ailij - ^ 

. \$ia (jljjjJL f Jljjj ial Jlj»JI f^ic i<tl^-."-^VI oLLaj lLsJi <>-tl <_>*3j-9 ' La « 1 >■_> - £ 
(J 1 - J *""' LiU Jljj CiLz^ 1 nt I j^jju-us 2— isj JlJlJI Sa-a-g j_ijJljj ^j-^ il aJI (__>-2>jJa 4_Cj_<3_3tA aj-Sj - 



ir 



"iajljJfiJb-*!! 
Al lot I uldalb uLfcjjJI SjJLLmj jajLSJI 



^ rrr 







fUaji SjI (Jj-^a 9 



^J ^ 



U 



paAall (J^a3 







. A-t^a-iJjjjLjtJI iJLajJIj 1 Ml mil CjI j iJLajJIj 4_t^=_uL^=_J,l iJLajJI Lg-La Cj^Luaj «JlC aIJlJsjjj/L) 



: 3 J ^-, J M^ijU 4iu=y|- I 

Cj}L_i^3J pj-^l (*JLar"i ml ( jr - lb J ?-IjJlJL) I^JLl* '"■"' («J— 1 3 - ;^~~' J ''^~~ , J" 4.I_^J ( M "" 1) («-JSj J 1 '"-' ifoJI tl^— 1 
(JjJljij fi-LJtj JjJljlILI (J-JlS i-dj-jeTLa 1 u i: - a 4 La 1 ul&j I gJuJ ■"■" ajj (jJ-JI Cj^Li^sjJIj ^j-^ ll a]| 4_i_ulj.i Jo^sjJ 

, , j 1 X .-i 1 1 I Jub ^ la 1 ul aj ^3^JL>JI 







(Jjt i""il So^a-uL^aa^ 4JL-3J : I ) " * J^"""* ■"■ 
(jiajLill 
_ ££ _ 



"iajljJfiJb-*!! 
At lutluldjdbuUjjJI^jJLLajjfljLaJI 



^ rrr 










:tilLJ| oils UuajJI - t_i 

£) (<s-9j J^— i uJl ' (j-U-a j-jfc I -i^—* ( (Jj-lj-1^3 ) i Ml i ii 4 La i ul&j J Sj *" ^j-^ ll all Cj^Li-ajj <Uj/IjJ 
(JjJuLlil (JjLs i_3^Lc Li jl (JjjLtlll (Jj^aljj-is j&^la La] (_^3jJL>JI Ja-M^aJ ^LiiLijJa jl ^jLcjj LjJLa 



ffiqni orvtmciE nidi t 



clutch mi:[:al '~ 2^ : "s 

LIHKAfif 



^ CADLC 

^V ANCHQ1 NU7 

GA5KCTS fl 



OUTER 

'CABLE 
HflUSIWG 



£- - INN 




fV «* 



ADJUSTING NUT 



4_tCj^ 4J| aia i u)j 4 i njlj AJI aia i ul J j t i*ii" ^_ ■ ^- 1 j}jj U & Cjjj ^J^e 



(j-jj> i*ii" a I LaJU (JJiLj-a a! LaJul I jL_ibj ^j-^ )l aJI 4^=j i*iij Jjt iVitl f-ljji_) aJL^sj^o ( ^j-^ >l aJI j_j^j>ij 4J| ala ■ ul ) 

X\X~ 1) J^ AIL LTh^ ^ U^= Jxljuill 




Hom [lefcrn 3pr rig 



(Jjt i"i"l 4_i^=ljJjj jtj_iii 4JL-3J : 1 T ~ *J*~~ * '"' 

^iajLaJI 



to 



"iajljJfiJb-*!! 
At lutluldjdbuUjjJI^jJLLajjfljLaJI 



^ rrr 



jayaftUl 







. ^ A ^ I t j ■ . , uy 11 2 n i I j U r , i v I 

a* 




illilll iL. Luij^Jlj i^ujjJI S*iljU,„VI : ^ £ - iJ^SLji 

(jiajLSJI Jjt i"i"t ( _ J ' :: — ijIjjJl-lJI 






i h> \ 



lj jU-^j (j 



O-" 



>1 o La ~ i I 



f L 



il 



"iajljJfiJb-*!! 
At lutluldjdbuUjjJI^jJLLajjfljLaJI 



^ rrr 







(j ^- i i 'j p tail ' " (JjJlju lJ\ jrjLjtU *-3JlJI (J_<i5iaj Jj'— ^- * ' f-r 1 '- 1 * 3 ' _?' Pj-^' L^ - ' *jj<l aJLiJ J->>-!' Jlj "'U /TiTl>.j 
r-jLJtU *_3jJI Jji^ta (jji^a^L) (jl (J^lS ajjJL-3 4-i3l i u a ijjj^tjj ^j-^ " aJI <Uj/IjJ lILj^so JjjjJa ^j£. (_^3jJL>JI (JjjLjJS 
j-jfc I -i^~~' ,-ti i u V j\ jJLa Ciljl j i nil p laji a ^_ A-l-^J 4_L^3jJI ^_ t _^3j-L>JI jl jJLa ^^^ib 4J-il . nU oJLjbj JjLkl 2 I pjil 
I al ^— J I 7r_pe-Lg j-<-g- (_^3jJL>JI (j ^— u f<J I jlj ^j LaJa 4 j o i^T 4-J ( _^3jJL>Jlj 0~ £) p-3j J^-— uallj (J^a_j_<3 
tJjJ-t-Lg ^_ (J ^-.l"j ( J^3l Mia CjJl_>iJ l1Ujl^=j ^j-^ )l aJI ^yajJb Jjzj-il jl i aJuil r-jlitil *-3jJI J-a^ta (_p3j_*j 




jzA\ Jj'eA U y . :-i [>a_jkJI kuj] 



^^SajLaJI LuljjJ j^>J! jlj^iiil : ^0- IJ^aui 



£V 



3j2ilt I uldatb uL&>mJI SjJLuaj jajLLtl 










: jajLdllubLu?- o 
: Transmitted Torque J^m I ^j^J I e_sL^ - \ 

: ,Jja\^£. <u}1j (jyic L_dJ9jjJ (jiajLSJI 4i£Jj i^JlII (*j-»Jl 



cjLIJJ^jI (Y 

V JjJl^- 4_!j ciJl ^".^Vl aJLLj SjLa £j_j ^^ I flJ3alj . <tl <^-,^VI J_aLta ^jf j Lj >j 4j>liLl| J^al^JI J^tLelij 

«.l_Lc ^l_i 4_ujljjJI a I JlJt" i nl Jl-Lc (JaAII Jj Jjwo (JLc. Jpl i ntl sjjJLa CjuIJI sjJS ^_ j_clj_i Lq-i-Li 4 u^apa 
: (j| Llloj^ I JLS Jpl i ntl SjJlSj (. i i uLlL) Ljj x-SljjJI jl jJLaj CjuIJI JaJLLa JJl^cjj I j la j u ^— > 



Spring soft Pressure force 



F SP ( 



jLiI^JI JaJLLa SjJ9 



Fiction force 
Friction coefficient 



F r (N) 



Outer Radius of friction disc 
Inter Radius of friction disc 
Middle Radius of friction disc 
Number of friction surfaces 
Transmitted torque 



Ro(m) 
Ri(m) 
R m (m) 
Z 

T c (Nm) 



AJUa-LlJ (_j>-jL>JI j La 2 II I aiaj 

SMUjIt 1^1. ttl jUstl i ^.^ 

'LJLLl.i1] i La i -j" 1 1 j u->rttl i/ii^i 

(jiajLSil (J J 7) 'i t, I f»jj«-ll 

( Tc ) ^Ui] J>£-4I fjjJI (jLa 



T= FxRxZ Nm 

c r m 



iA 



Al2iH I uldatb uL&>mJI SjJLuaj jajLSJI 









F r =F, p x//[AT] 

K m~ ~ 



D _ D 

7 C =F S x/uxZx-^ ^(Afm) 



do= 1 80 mm di = 125mm , 0,3=(n) ai\ ^-^vi j^Lw L^ j_^= lth>^ 1 <• ♦ s^ ^Ij-i 1 

: ^LUI ^Uo^ Vj IUI 

(Fr ) liii^-i-.^yi sjS (I 

(Km ) j La-SJ I i /» »^si i La i -ij" a (<_) 

( TC ) JjJLUI f >JI ( s 
(TtJ-JI 

^r = F S P X M 



F r =(6x600)xO,3 = 1080[iV] 



R m =0,076 [m] 



(m 



(?: 



T c =F r xR m xZ 
4080 .0,076 .2=164 [Nm] Z=2 ( oW-j *J ■>>- o-j^ ) 



i\ 



4»j!jJ!3jb-jJ! 
3j2ilt I uldatb uL&>mJI SjJLuaj jajLLtl 



Alia I uldall LSoJjjJUft 






(p s ) ^j-^ )l aJI ?e-La-m (JLc Jajl iJaJI i— ll i n~>- (Y 



Surface Pressure 


Ps 


jj>>ilStl-«.U,„. \r , Ui.>»t| 


Friction Area 


A/ 


,/ll^-_VI 2^1. ..„ 


Pressure Force of Spring 


Fs P 


<"il il. 11 ,t-ii ,\ 'Xj'ii 



: ' dl^=LJa»^l 4-^-1 i tt a (jyic Sj-2JI jl JuLa ;_gjl < nj LLaJLuaJ I (jLa 



f s 




Af 


A f = 


■A- 


-Ai 


A 


71 

~ 4 


■dl 


A,= 


71 

' 4 


df 



Ps = 



Sp 



n I 4(d; - df) 



(N I m 2 ) 



3j2ilt I uldatb uL&>mJI SjJLuaj jajLLtl 









d =200 (mm) di=130 (mm) i^LUl 



^ = 



* 



;r /4(d 2 - d. 2 ) 
=479.863 (k.Pa) 



(TV / m 2 ) 



M 
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^ rrr 



jayaftUl 




ulXj^JI 3iJLua 



*JlJ JlIc ^j^— dj 3 j ^ j ^ i ■"■" 1 1 <Lc.j_i_uJL) j" i n a Jjj^la ^^yic^ 1 1 nit 4_l3L^= 4jLaZLa Sjuta ;_£2 ijJj^sJkl sjJ^9 (jj 

(^yic i_JL«ll! LisL^a jj^—j * ^ l -^J- >, -''> ' <*j^ ui^ J^ 156 -^ (jr^ 1 S J*'^M J^C- J I jj 1 ^ mJl jj-a 3 JmJ.1 4^=jj>- 

JjjjJaJI <LajL2_a (_ylc (— iJaTlL! CiUl^ i nil J^ j JUjLtaj <ul t" i nzl J I _a£.JJ La.4 Jjj^laJI 4_ajULaj 4.fll2sei, I (JLaj>. ^1 

- £) J^— i u< (jjj-LaJlj 4_^=j^>JI '~'l JLLalLa (OJ^U 4 * u Je a Ajjj-C (_yic J[a i a -» I ] ^jj/j^pJI <. 1 1 uJ i-uitJ (JjjJa (]_>£. 

: CjLajLmi o jJt (j-^j ■ ( i A 
:( Rolling Resistance )j^>JI LajLLa 

(jjjiaJI ^^(^JLi (_iajij ^ jJlj jjjiaJI ~u,„j j r .ti jjj ( Frictional Slip ) ^Vji^l 

. Cj^L*jlII <UL>. 4_lCjj I tiaJ fa ( J^aj ' O iai »l £ cAfl i ul) 

(Gradient Resistance )jIjl*o^M S-ajLLa (Y 

. 4 t—ij a* 1 1 oLsol (J_o^=3l£. (J^wuj jJij*_La Jij.t.i^i Jtlc 3 i ^— »j 1 1 (jjj M-a OkjLlJI i 9.SJI (j^J 

•.(Air Resistance) d^l iajLia (r 

J^— i ui (JLc. lJlSjjjj XISjuXI Cj I Jut-ai-1 (—aLaVI ye-La-iuJI (JLc * l_a«J I j-u G ^j^l <L><jl_Lll 2 ajl St I ^^^j 

. I $~' r ) • "Q ajnnill 



THIS IS 
TORQUE CONVERSION 



TORQUE MULTIPLIER 
OR CONVERTER 




LARGER GEAR TURNS 
MORE SLOWLY 



MORE TORQUE 



O^i^' >3i>^ b^- (\W Sjl ^j 0^" ^J 



<=nA 



M 







. jj^— mil i]L>. (j^a ^ j ^— j 1 1 <_lLj^><jj ' <tl^—",^VI aJ^. LajLLa ~ ^ 
(JjjJaJI CjLjajLjLa <LajLiLa (JLc 4 ■ ^~~'j 1 1 JlcI > u ) ~ V 

riving gear jjis u^j^l ( n - t) J^uUL U^= u^*j ^ (^i^u» u*-^>3 jl Ll^j^ li! 
JaA.LgJl SjS <jte z 2 jUHI (^jUl J! Zi jljUJ! (j-pJl (>a ajjJI Ji jlI*^ Driven gear jUi* j^Mj 

_ Ml M2 

Fz = Fz = 

r i? 

M^ftxr M 2 =FzxR 

M 2 =M l x(— ) 



r r R 



ef 
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^ rrr 



jayaftUl 






Driving 
gear 



'-\ 



^ 




U 



-sS Driven 

AJ_*Jlj icj_ujJI ^j-u 4^M-*-!l ijl (Jj-^J LiUJijj . «G£.j_<-u Jij>j L<a-Lu JJL i_3jjj/ aLSJLl.1 (jjyjJI f»j-c (jLa ( r JljL^JI 

( 1 ) jjjjj^jjl lA- 1 Q^i^""" 4-ujiJ ( ll i n~>- - I 

. JN2 -iLaJJU (jjyjJI (j'jj-^ * £ 'J- tdU Ji -^ 1 ^L^-5' (_>y^' o'jj^ ^-J-" ** J ' " ' W^W (j^Jii'^"^ A j ' " » <— 2>*J 



z = 



Nl 



AjjL^Lo jj^-— "' «.LalI^?l 4 La aj Jto£. oJajJI 4-Cj mil (jLa ( ^ 1 



v,=v 2 






(jLa j La^JI 1 a lqj 4 1 itj 1 a a <U^lj_JI 4-g.^ 1 ntl ^jl 1 uj 4_LLaj»JI <Ul^ 1 nJI (jl i^_l>-j 



Vi=Wjxr 



v 2 =w 2 x/? 



W = ;rxAf 



t(j:jl mi" ( W) ijjljjl 4X.J rntlj 



Oi 



I uI-uILj uUj_Jl 3jJLLdj jjjLaJ I 




Alia I uldall LSoJjjJUft 






. (j-aj 2 Jl>-j J^~- J ^iLiill JJlC - N <i-L: 



v =v 

y l y 2 



W l x R l= W 2 x R 2 

k x A/'j x R x = 7rxN 2 xR 2 




o a 



3j2ilt I uldatb uL&>mJI SjJLuaj jajLLtl 










J = m x Z 

(j^jpJI (jLi^f (j^LS sjls-j ( module) (j-LHI =m ^_p* 

jj-u^jJl (jl i i ill -}JlC = Z 

: ^ 

d x rax Zj 



J 2 mx Z 2 



', (_£jL_uJ ( 1 ) ^J-^^^"" 1 " 4 I ( rl< ,jj^~ '"' lIUJlJJ 




JljLSJI (j-upJI ^Lli-ul jjlc - Zj\ . JljLSJI (j-upJI cjLoJjjlc - JNj <jl ^i-po 

vlS'tl L y J jj}\ (jllmf JJl£.= Z2 . -iLd-UI (J-^II CjLU JJl£. = T>2 

Gear Pitch (P ) ^^ni s^ki- e_sL^- c_ 
cLuaiia <>* i^LJLl Juii ^l Gear Pitch ( P ) Lyi yi\ *j^ aJ^jlj ( m ) <j-£Jii c-ilma. j^-rj 



C^ear 1 ltcrr (j^^iil s^iaa. (j-u-oj lj jj^~~ •_* ji j^^? o^ 3 l ^ ^ aj^i . »~ a olal - » aj 



el 
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^ rrr 










P = nxm 

jj * 2 1 1 1 = m jjjj^jjI S aiaj. = r 
:( O^j-upJI Ja-tseja (_il 1 n-st j-JLjJI ^jjjULJI x-us^i r^J-^- 1 ( Q ) jjjyjJI j lafla ( lYl ) ^j LSXl (j 11 - 1 4-9 M-*-!' 7c-ui5jjJj 



C-nxd-PxZ 

nxd = PxZ 

nxd -TtxZ 



d - m x Z 



«V 



At lutluldjdbuUjjJI^jJLLajjfljLaJI 









d^^l 



I (_ r L>La AjjJjJljJI a Jl>-jJI <>JljJ 1 m i nljJ ^j-* o^ 



jijUill 



(j ill i ii J*—- 1 ■"■* olc> i nil J^aj-u.^ (J I udj^sJkl 

^j-^ )l aJI 4^3j i*iij ' *n^-»"-*.Vl , u » ■ >» j^av^a r 1 Lag, a 4^1 Ju>J1 (j-a ^j-^ il aJI <Lcj_a_3tA (jj^~ ■■**'*' P* 

: I j * a vIj^Lus^ e Jl*j ^j'-^ )l aJI j i * <*ii" roZL) F 

( J^= ) cdJLJI cil i il^jl I - Y 



r c =F 5p x / /xZx^-A(ATm) 



'.^QJI ^jjjLSJLi ( p s ) ^j-^ il al\ ■kIojlm (_yic. JaJLuaJ I t_il i n~>- ^j^— ■ a I ^ 



P 5 = 



5> 



* /4(d 2 - d, 2 ) 



(TV I m 2 ) 



«A 



"iajljJfiJb-*!! 
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^ rrr 






uLcj^JI^J^ud 



4_l_, 



■■^^ 4Ja}J_£. oLij i nt I (jjjLu-a '£— ajjlIIj ^g.j mtl lt^ 1 4Ja}L»JI (jj !► 

{ j^LlII ^jjjLHJL) (jjjj_pJI ^_ j^ia-tflaelJI 4 1 1 ii t (_il 1 113. ^j^-* 1 ' B^ 



#1 _ Z 2 



iV 2 z, 

: oLc^ i ntl (Jj^lLi^o <_ijLk>j ^-^>l P* 

. ) I l il 1 1 Cj 1 ■ 1 1--" * (_ i i ii ~t. A • ^— <j 1 1 Cj Lc. j-j-u ^-uAj - Y 
Jjjj LaJl d)Uajtx<3 <LajlJLa (_ylc 4_l^=j_U JlCI i uJ - V 



'wLuill utalkhall 



Clutch 



Flywheel 

Clutch operation 
Gear box 
Clutch Pedal Free Travel 



^j-^ " all (Jjt i*ii" 

ClLg.^ lull Jjjjijj^s 



M 



I uI-uILj uU,j_Jl 3jJLLdj jjjLaJ I 










AjuljillSJtr'jJI^k jj>U> 



jaJlill^uLjjJU 



^iajLSJI <Lcj_$_3ta CjU^^=ua JJlC / \ ^yu 



CjLjIJI Jaixa S^j (Ji = ^?) J ^.I J SJI ) >.V till ga3a»VI J cLu pi £= Ijj - ) 

Fr idl ^-,^ 1 sjS e_^l ( Fn=2200N ) 
o^jij-i *\ (j^LHi 4. jl^-jjj ( F r = 5200N ) ujjL^ (j^u 4- <*<' ^-^vi sp - r 

)i= 0.3 iiii^-i-r^vi j^u^ o^= I jp> - ^^ 

Jl^I^JI i^IJJ LtaJLca SjJ9 _ 

do= 186mm di= 124mm 

Fr=2100N <s 3 VuZ udl^vKl s^s UJL:j 

: ^jLo> i ) alLaJ, I 
(Kill ) «LJl La lII j '-"■<* ' Luaj i La ■ uaj a 

( Tc ) J^iHI f >JI - 

: ^LUI J^ ,t,tb U^= U3LLu ^Jl^-,^1 ^LUj - £ 



3j2ilt I uldatb uL&>mJI SjJLuaj jajLLtl 












d =200 






di=120 








■ 1 1 





t 



F Sp =3500N 



: i_iLlxl>. ' laiLaJL I 



^j-^ )l aJI ■»• U , ,, (_ylc JaJI tJaJI jljJLa 



: LJLUI oljL^JI f U (*)Uaiw jf (D ) ^ ^M^ ^ A^ 

( ) ClUl^ i ntl Jjjjiii^ Jl LltkJjJlJ j^j-*-!' (J-2-1 (_yic- (jia-lLdJI (J.q-t-1 - Y 

( ) i La i ' a 1 1 (_h3J-^ (Jj (<U i <tl^— "^ VI (_>ojJ3 Jl <Lsl Ik>JI (j-a (jiijLSJI j-tC SjJuill J *" *" ~ V 

4_uJjltl ^j>. <lj LI I CjI j jj^a j »>»^l 4_jJ3j^JI ^j>. <lj in CjI j i La » i a ] I (_^3^J9 <Lcj_a_3tA ~ 1 
iJjjj^jJ ilaJLuaJI t_yj£ iiljjj^Eja £_ 4^=j^>JI pjM f-3-i (jy^C- (jiajLSJI <Liri3 Jjjju - V 

4 jLLaJ jLtJlj l±!L^=lL»-VI J-aL-aj CjLjI Jl ilai »>> ajJ9 LI^JlJ ^^j^ajLitl IL. Jj 2 * 1 , 1 |»j-»JI u-il ui> ^j^— ij~ *V 

( ) idl^VKVI 



( ) 



■ k> *a CjuI^JI JaJLLa S^ <LjV, Ju ^j-^ )l aJI -r U , ,, ^yifi. LLaJLJaJI <_il i n~>- ^j^— > i ) ~ ^ 

_ "U _ 



Al2iH I uldatb uL&>mJI SjJLuaj jajLSJI 










ul llnitl 3jkiLd (jit uLujJu 



<_! 


T 


nliUttl 


£Y 


S 


Zi 


TO 


w 


z 2 


Oi- 


V« 


Ni 


S 


\Y»* 


N 2 



: LJLU! CjIjLaJ! *LJ ( * )lka. jl (V^) ^a La>Ll ^ /Y (jo, 

( ) ^-^J-^ 3 ^y^C- A^lj intlj (»j-»-JI lt4> 4J9^L»JI .Y 

( ) sLiill I jjj^jJI CjLAJ JJlC (JLc. JljL2JI (Jjj^jJI CjLoJ JJlC t_gjl 1 »" (jj/j_pJI ^_ (^^xaiellJI 4 [ i n< .V 

( ) j^jJLul (j < 'I ll I "'"*'« (Jl (j ) rill I "'«*'« ^j_« 4J2I 1 n\\ (Jli-4-l (Jjj^jjl *j La^. . £ 

( ) I j 1 aaj» ' x_a *> 2 1 ■■» 1 ,1 (jj/jj^IiJ ^jjj_pJI a ajaa. igjl i "1 *JJ}J tiajL) (j-"JJ -0 

( ) Jjjj-LaJlj 4^=j^>JI cl)l JLLalLa (<u^Lj 4 rt I" *»■ a ( a J[> c - (_r^- OJ ' ^"*" ^ J-* c ~ > ' ' ' ' "^' (jjj^-"" 3 O - " •— 3J»J' -"^ 

j"'^ o & ' ^j 1 ^*?-^ *_« j_yjj Cu 1 a aiaa» i_2 >£. / 1 j_j_u 



IT 




■^inl[) lliii)iillq.tvinll pilniH nnlnllniiiiiif)[ill 



1 

1 

»3 



ai^utlulJuaiLiLJjjJL^ 



4JJ1ZLJU Cj\ JjlXLj J-alj-aJI <~A Ajbs'<A 



..^^ 



^ 



jiA^ 



^\'' 



^yjj &>}*** j.*^ 1 £**!■ 







.4J44 



(JT ic- » JulXI ^ ^'<l . r,d a\l , ,, Jl^Ixj d^P" aJLSJlIXI CjI Jl*JJ ^_ 2_}jj5~jJU 4 a-Ia tV I <ubl (jjO J^alj^II allaJ J-ftJU 
C~-L>- £ 2j_t>-2l S^xaJI ^_ <1S-l1Xi CjIJulXI ^_ 2.}_aj*.jJU (J^alj-oJI dijjiaj . «G«.Li^=j a I kxlll J o^ 2j>^>- 
i^ya ^uLul a I la * *— » Cj^LtejlJI JVJjIj tjy£- 7-J-& r> UaJJ Sj J7"" Cjijm i nil 4^^sL>.j CjljuuJ ^Jajua C^se-Lca I 

. A_uj_p^=JJ p^— "- ■ 2 Jl>-j Jjjj^a {j£. <Jj3-*-1 (_£JJIj 2 JulII Ajjiajl 
4-ajLJr") .i 1. 1 ■* 2 u he 1 1 p kill I a f ( J^alj_2JI ^ 1 U i j j U" *ljj 'UlLulI! CjUjJaiJI j^ysjju -^j 2 * ■ u 2Jl>-jJI <?Jui ^_ 

Lgjlja^auaj £ SlSJilU CjI JulLI IL. OJjJfc2^_uil . <tl ^—~^ VI CjlJLku Hjjf Clilil (jlajJLlmj J^slj^JI -Llaj IL. 

j—SjLj/ i La » i a 2jJ3 j_o^=lJ JJLi ^_ <>_)_<jGj( (J^alj-aJI 4_i_ulj.i) (Jl JlJ <Jji£. 4jjJaj <_iUJl^=j L$j_o-i£.j L^jlj_L<j-aj 

A-i^a-iJjjjLa-JI (J^alj^JI 2jj|j «.lj_».| j^ysjju ^j 2 * i u i ( U J ^~~*J) . 43^1 a^aj a Ua.Il I J a-£ 2jjj^ (_ylc 2 Jul! I 



£ 1 £ £ £ £ 



Jjj^ajJI ^J «lillj £?-L^e_Lll «-j-»Sell ^jj-^aj 



\r 






. (J^alj-ill J<if ^J>IaJ (jy Ll i_3jjljJI - ^ 

. (J^alj^JI I ^*.-~."j flj-ll (_yic i_3j_*j]I - Y 

L^o-tflj Lgjlj_Ld-dj L^cl^oJIj i <tl^-»"-*. VI CjlJLLaj (jyic. i_3jjlLJI - V 

. J^Ij^JIj s.^u^ ti j^ljJLlj (.,-^-itl : s 3dfiL4l JjU^I 

»L>xai! ijj-uLuVl ^JiLlIIj UaTlU CjI Ju«J.Li LaLc iajjt^a { 3jli*JI uL 



■u 







/<u_jj liJI ^— ".^Vl Jj-Jjla (1^ ^j'j- 3 " AJsLLa JJ <LL2J2LI CjI JuujJLI Lt£=j^>JI SalUtl Jjpdl 4 lj , uj ^^ <J>alj_<i]| 
^11 SjJaJI Jj-reTiJ J-alj-oJI Jl Jl_i (jr Lc Sj-Sj (JjLmJI »Sk J^p aISJIXI CjI JulLI i ^LSjV ». t» 1 1 <-i\I •»■<» !3 t (\\\ 
jJJ (_<_ulJt (J^U>- ^j_a JaJi ' ia II I J_4> J ^"'*JJ (J-alj-aJl (_pl uJ 4 i m^hjJI 4JI ala ■ u »> ^_ (_^=a_iJ jj Ji-ui> i La » i a 
«.lj_j>.2l Jlj^s ' dl ^—".^Vl CjLjLLaj x-SJj 4 j \j n /■ 2j^ JJ J^alj.aJI Ui,^ Jj^tjj aj-23 <_pJI (Jjsej«JI CjLJI aia ■ uf 
<>L>JI ^j "^— • g £_ j3|3 i disss la. I 2j^3 JtJ-IjJ JJ 4jJjjjjlJI 2jJi!l <J-<3-*3 . ( SjljJI jl (^^jJjJI) (JjsejlII *_« ajljjJI 

J i ^" ^ ( 2jl jJI jl (_^ajJi!l ) jljjJI «.j^>JI (j! («LwL>.j . «LaL5jJj «Qcj_ij/ (JjJ-23 ^Jl i_£j>|jj jljjJI «.j^>JI 4^=jj>. 

:<13jjJ.I oljudLi J-alj-aU cJijlisj cj}Lj LiJLufc 
.L^sLSjIj 4 1 2 *" 1 , 1 SjulII kcj-uu (JjJ-53 - \ 

. CjljJi^tiU Jjl^-J Jl ^ £ - ^jlj 4-LaHt, I 2 Jmi,l <Lcj_i_u (jr Lc Lai aj»JI - Y 

.Cj>L*j«JI Jl (4 uir jJI ) JIJlaJI (j^a 4iaj^J| SjJ3 ^JLjla - ^ 

. 4_Laj_<2]| AjLilaj - Y 
. 4JL*J«J| J-«lj-2 £jj _ V 

: Cj^LsejlII ^J\ (Jl JljJI ^j^a 4_Laj_ii]l 2jJ2 JJL) 4_2jj^a (. 1 i n~>- (J^alj^JI l. ajJu aj - ' 

J_2-Li oLjl^jIj ;j^cVIj ud>L_J^I ^j^r-, ,,.~ ) Mechanical brakes < :^:' A ^: U J -'j Atl • 
<Ui 1^ j_ai! oUl^ia --tj cjLJj t^^uLil ^jl^-'i , ,.~ ) Hydraulic brakes 4_^ 3 _Jjjj 4r il j_Jj^ji • 

(Y- )J^-,,t, 2_ U^a (Jalj^l C^j ^aj^-j 
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«.lj-JI J all i—t-ulJIj p^~~ * >o CjLaLw-aj dsLJljj>-j ^-'j-* JqA I La * JlJt" i uj ) Air brakes *I_^(JI <J^°'j^ * 

(r- o) j^-i,t,ti4.u^ 3 ( Jaji.Mi 
J^-, ,i, ( -i^j^ti j_iu cj^Uj^Ij Ld>L^Vl ajl^u , „~ ) Electric brakes a-uL^bJI j-alj-ill • 

(£- o) 



4*^1 ia jk-ffk 







L.'Ui 



niL3 fl 






-*^ fiaJI Jilj 







JLuL^^sJI J^lj^JI: £- Oj^nTu 



^U>.1 _,; -'-'■* . .. , 




Z.^.W^.U J^I^AJI : ^ - oJ^-,,t, 



LjjLt'/l J - '--■ ■■ >ii _, J_iliJi Jj= *■-■*' 




Lul^JI J^lj^JI :Y- Qj^ ,t, 



.(L^LSjIj 4.12111. 1 sju«J.I ^>^ j-dZLi ^ajLseiuiXI J^lj^jl ^aj) Service brakes La^! J*!j-a • 
sioirtirn ajlsIj jj^la (>c iiiiui o juJ,! (JiSjj j if Ajijr'in" aIoj^) Parking brakes cm ml I J^i>s • 

. (aJlSJLi jl J ^J Li (JjJlIuJ 

Retarded cil ;UA\ /\ ijjJ*2X\ ^ fjj*i^ jti\ ^j) Auxiliary brakes i^Lb)?! J^lj^l! • 

. (ClLl>.l i ill! *_a 4va Jua-" i iiU 



11 






^ rtr 
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(JjjejlII (Jjslj^ f-JJ I. ( I 113. (J^olj-aJI 



• - V 

Drum brakes GjIjJI) ^Ij^i jJj^ji • 
Disk brakes (llL^j,) a-u^hi jjj^il • 



: ^llll (>a ^LLaiJI ijj. 



£=dZ 



. J^slj^Jl ^U^i J! jpL-Jl ^jI ,>a 3j2]| J£i <JL^j Brakes Pedal J^lj^ll (a^Jjj,) jl j^ □ 

.l^jJI Sjl 2jLj J^i J^^u Booster jjljll □ 
^jjj^ ,U;.>. J J ^l^jJI Sjis Jj^»j ^ J«3 Master Cylinder i^jJ! ^ljU,,,Vl □ 



. J^aJ! cjUIjU,,,! J! ,>!j^!! JjL^ Jin Brakes tubes & hoses J-Jj^il oLJj t_^uLi □ 

. cjM^aji jLi (_^b=i] <>lj^Jl ,U;.^ '4- p^sjxill Brakes valves j^Ij^ji ciUU= □ 

. ,<n^-,^vi oLLUj jii jij3 sjS J! c^jjJI <k;.^ j^ Wheel Cylinder j^i ciiiljUl □ 

.( ajljjJI jl — (^^jJjJI) ajljjJI 



^-^ijji-'fl ^jj 




-- La i ijl ' L^i=3 [j==ll>. I a_J£. l _ 7 _lc 1 ' dl ^-»"-s-l 3^_J3 xTlJj iijLa ^j_a ^j* , ^"' ■ " 1 1 'i 1 U i i ( J_alj_o]| 4_iJl>.| ,j La ■ " 
4_»_u_)j Li!j_^m 7c La i oJI ^2>js <L)}Li^3 (JJ9I a^La (jjJ « * i aj CjuLLajJI ojufc (jl I -i^— i .((_j^>J-2J' — «j I jJ I )i_Ljj_^m 
I Jl^JJ . Tela •■■ > ^l 4_i}Li-a x_a L ui^ar: i. < r iiLlu j|j iL»J 4 ^". — t I »L mVl J <^T",~ £*-»U ,„tl , ft! ^U~,^V 



■w 
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. 4 IrtTrU Sjudtl 4JLaj_i! 4_aj}UI ciJI ^-."^Vl SjJa jljJLa ^^ ^x — U ,„tl £j^_j .<tl <^-,^VI J.aLta 4_a_LS jii JJS 

. -»■ La i aJl a 4 l"^-» tl tiJJj jj-Ll <Loj.a.tJI ajjillj 



M- = F 





.'tl*VrvV 


1 <>L-a )J, 


(o3>ii) ( N) 2_ « 


Ml^nl-vVI 


°P 


Ff 


(^X N) 


4- AjJoj^lJI 


o^JLII 


F n 



■ ,/tl^u-,^VI J^Ui o^ 1 ^ liJL-Laj 

^m^-U ,„tl £yu 4-ij mj 4^=j^»- aJL»- '£— : (-^SLxaLuJ i<tl^— ",^l J_aL»_a - 

: 4 lil'Aeja ■k La i •■! ^T^ 1 ■ *tl<^"^VI J.aLta /<uiJ9 ( ^ ) /<kJ9j (JjJ^>JI lT^J 



.'tl^VwVI J\aL^ 


4^--st,l ^U.nVl 


<^-< , a! ^i \ 


£-,,~l-,...| 




\i 


•A 


JjJl>- - ^^ L= *- 


•,£ 


\o 


JlJJl>- - jjjjLso 


\V 


\£ 






\A 


•A 


(id^ " jLk] 



4rtl"-WXI ~U,„V| jjrJJ | /tl^-^-^VI ^Vxa : ( \ ) (<^J Jj„ 



. (j-i se La i ■■ (j-U / /tl^-,~,^VI J^aLta <La_LS (JLc i <tl^— ",^VI Jj^ Jujjjuj 



F f =uxF n 



j?*— •" J «-t ,1 (j-i scLa i uJI (j"^> 4jJ)j-»JtJI SjJjJI ajLjjj i <tl^-i"-s.VI ^j^aLta 4-a-iJa »jLjj_l I <tl^-i"-s.VI 2j^ ^d>^J 



•u 
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a^Ljj J I 4 ^-— j^^ 4J9LL IL. (jlal A^-'.VI i_£J>J_j d.-L>- 4 ^— j >JI 4J9LL ^_j-uju C-iJ^-J Alaj-aJI 4_JLt£. J^L>- 
ejl jJlj L ysj2i\-^s ' i\\£->-,^. s )\ 4j*jjj J^j|j_<i!l s.lj-3-f J I JZlu 4jjIj^>JI 4J9LLJI aJJb . AjjIj^kJI SJsLLaJI '£- 
I JljJ.1 4 1^= i_u-uia.J *lj-A.Vl ^J3 Sjlj^- 2-^-J-i 4- f L-flJJ^I <^J-Ji A-^uJ (jj-^aJJ . ciJl ^"^Vl CjUiLLaJj 
(j_a -}jJl»- IL. I *3j"lt ( icL^u / p<^\ - - ) ^ aJLsj^JI JMi«- J-"H>^ «jl jJlj (^IjJs^/l 2jIjj>- Aj>-jJ jLs 4l2_illl 
4-^.jJ 00 ) JJ L ysjJal\ ajlj-^»- 4-^J-J-S * ^"j" ^-3 aJJ^-iiJI aJLoj-oJI 4_JL»- (jt-^ • ( 4 -i3"'- a ^"J- 5 ^* ij\ ^*) 
Jj-jjJa (j-C (_^jj>J I «. I_a-J I J I Sj Ij^>iJ ' tiil3 {_yz (^^alsellil ( ifju V * ) /J J r-LLso j^— da (^ Ijj » .>•.« £_ ( 4-i_oia 
j »^-»l -»■ i i iaj <>t._L>. i ill ^— "-*-Vl CjLJLIaj 4_caL>.j (J-alj^JI «.|j^>.| i aJb (J I ajijljjl ajlj^>JI (_£Ji|jj . Jj^xlII 

. ' f \\^~ ~,~Jy\ ^.aVius 4.Q.L3 J_y3 JJ-Sj L4-4 L^SeJa-m J^ Lta £S 4_)}<Lu3 

: (J^alj^JI AUij *ljj>-| Sjljj>- 4^»-jJ f-LflJjl ^_ 4_lILjJI (J^oIjjlII i.hi n""j 

. ^Jbjia 2^xiJ 2jJl56_Lo 41S-l1X I 2 Jud.1 (Jj)3-> (J^^* - 4JLaj-nJI a I JlJt" i ul 

. a j j La 2 a j > jl 2jjj^=JI <Ujj3j>JIj ajlj 1 "It 4_l!L*JI <Lcj_<^JI 

. ( ^j.^stl aJLsj^JI ) I Jl»- iij-u^aJa iaL^a J!vL>- 4 j ^— j 1. 1 i-sLSjJ 

. J^alj-iiJI *lj-»-l bJl dhP ^Jj-u 
. J^alj^JI (J I JlJ (jyic A Jul! I (J-LO^SO 

♦ 

dll Luialll 4_ j^>.| Jl ALtiJ (j-a I aJbJo L^jj i^P" (J^alj-ill «j-jlj 4- 0^" ( <ui> ' (jr* ' < ^^~~ '"^^1 4JlIa-i j-uaj 

( >,o - ♦ ,r ) jj jl>. a. oLiwu ciii ^-.-^ i j^u^ 

. dlLJLIa-dl ajljj>- 4^»-jJ pLfljjl iujjj^s jl jJLa.1 i <tl^-."-s.VI jJ^aLs^a 4-a-ta >i«Ii z (jl (_o.j 

. ^tl^U-^VI l^i, icj^aj CjLLUJI J^=L2 V J\ (_c^J 

,/tl^,-^VI i^cj^ SjljjJI ;>U,„tl J^=G Jl ^JJj V (j| c_^o 

. 4JLa^a]| a.\ JlJt" i ul JlIc f-Lus^us diljl La Jl j 1 i-VtV jl (_cjyj 

" CLA3^' < *-^*-9 3_a^JI 



1^ 







Cjj q"i i ill I Jl-Jj . ^gjl—ffe (Jj* i*iilj (J_J_jl3 /j u-i ■"■" j <a-£ _a a j LTLa-4 *> - ;^~~*' ^~~ '"**- 1 j_j^3l_a^>- L-J (_>"j" i u 1 1 11 2) ajl_a 
jLl£. (jl u.m"iiiI Ijjj ■■■_' (JJ-JI ^•»- L^aJI j-LLjt-aJL] (j-^aJj ^Jb^ 3 «p-^ , /tl ^—"^Vl ,-,1 \IU.I (JlLal jLll>-L^3 
(*J<Jlj • '^ ^-V.^VI CjLjLkJ 4_l^=L^=ij^I Sj>U^= 4J2HU CjI JuJLL L^aljLJelml sL^Jl Jl ^jf (j^jluu-iuV I 

. L$j_o-tflj L$3lj_L4-d /<ui>lj 4 lil'i'^m pljj^l (jjj^~>"< (Y) (<^J 






^ ttr 







"L^ 1 



,i>ai 



^=pji 



^ 






JLcoJl^-.- l ^l ( >U^ ♦ 



XYO 



<_>■« oj- 



;=»: 



L ^j_Ja Jt J| 



d <^^i ^_t_4 4. 



^l^aj ♦ 






Ci-l2 I > J5- 1 (J-" o" i ii i i n I 
-ilj^aj <LuJuta csl^l 






j 'j^~* AjLiLa ♦ 



LtlLtll ajlj^>JI CjL*.jJ> 



o-^-*^ "-^Wl o-^ 9 O S ^"'J 

m-uq" 1 ii 1 1 hi L^J Jjs^JlJ z 



4_u 



L^ 



* Liis ajjs > i^— < | ♦ 



4_dLc 4 a al 2 a ♦ 
. JM^a^MJ 
J^=QiJ 4-JLc fjLLa ♦ 



(jjL«J,l a .ilj-i <j-a (jj)^-i"n 



1^*11 



4_JLl 4_al£a " ♦ 

cjU-jji JlJ£. JjM s.taf ♦ 

4_*_jjj_tl ajlj^>JI 



. ajlj^eJLI (JLc AjULa ♦ 



^Ul 



<J> 



_£=; 



-usj^l L-SlJIj A_x>-L>-j 
. (V"0" i ii 1 1 hi at 4_u, 



t 1 ^ 



, <tl^U-,^VI CjlJliajj LajieluJtl jljll flajf :(Y) ^j Jj,. 



V^ 
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w ^ j^sjJLi i_3jj^>JIj aUsjVI Jjljj . 4_LSJl1U oIjljuJJ ,<ti ^_-,^vi ji^j, L ^j LJ >j| j-ajJ! ^g-mjg (V- o) 

. (T) <£j (JjJlj>JLi Tciisj^a j_4> 1 i 1 ^ ' <tl^—".^ VI J^aLta 4.<v^j iJLLajJI SjLaj « ' i a 1 , 1 






/ 



HRSS12041lrF 



mm®; 



UhA\ ^=>«iJI t^k. Jj^ (NRSS) .mnX\ ol WU ^l^-.^VI j!>X l$j^JI >jJI: (V- o) J^ a 
<ii^-^vi j^u^ Uj& ,je. Ja3 (FF) ^j>^Jl t i:LUJl i^^m^u sjUI t^lc Jju (12041) ^^Jl 



Vt 
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,/tl<£^wV| J *l.* 2 ,« 


>jJI 


Oo^ J3! 


c 


\Y0 <>» J3?j 00 (>«j-^=l 


D 


♦To ^Jisfj \Y0 ^j^al 


E 


\£0 (>jJ2?j •,ro t ^ h! ^a| 


F 


♦,0 ^ JSlj *,£0 ^jj^al 


G 


',00 ^jj^af 


H 



jLjLLlA! <<tl^-^VI J^U^s 4.^ jj-aj : (Y) /<^j Jj 



juw 



vr 
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Brake Pedal ( ^u^jai) J«l>in JIju 

(J_alj_AJI Jl Jlj (j^ic aa flJ (jjl intl ^pj-i *-°^— '<-*£ ' (J-ol>aJl (Jl JlJ (jJ-£- JjL-uJI LLaJLJaj 4j_aj_<i]| 4_lLi£. |j_u 

(j •■ i ^— » a Jl aj_5JI J-2-) Jl iaLiis 2l_) Jlj^jJI J_a.tJj . 4_i_u_ujJI AJlaJa -■■VI ^ „ , ^-. ^ J| 2j_5J| oJ—it J *"*" 

( 7c_uLda <Ij>.jJ) ^j Lxla Cl->j (j_Lt.a J_aL>- ^_ Jl J^jJI - ■ ^— ij ia . aj_2JI a, ) A j - - ^—>~ ,J] 4 mjljJI <G| ala - --VI 

.(a- o) j^=ui iiimi sjulXI 




J-alj-ill Jl JlJ C-4-uJ : A" J^=ui 

£-IjJlJI I J_£> < *_ 3.1 f"lj^ Ci—liTll!! jj-Xja Cj-^%1 Jl J^jJI Ci—ujj (Jl J Jl Ci—LiTu j j -ra ,, If J_aL>JI ^aJLaoa 

JIJl-JI (^Jr. Jai_L^Jl jLir. . (V 0) J^=l^/ 4- ' -i^ Jjlj-tl J>Li- LH»jt Sj-^L-La Lai Lu±Ujl\ SMjU.-VU 

. j»La^l Jl il^ujjjJI ^*'ljt VI (jui^aua £-3JJ i^JlII x^jJI pljj udj^elj 




Jl JlJI (-ii n't 4-a_u9j Jl JlJI 4-Lli^jj : \ - J^— lu 



JlJLJI^LOddaj 



. 4 i mjIjJI 4JI ala i "VI (j ■■ j^-* a (Jj J^l ' " 'I (»J^ (j-a SjJiJI JILi U 



Vi 






^ rtr 

Alia! I ul JUil LSJjjJUA 







Pedal ratio ( Pr)( JlJuJlUjQjlJUll^L&^ljuttll 



(T: ^ ) jj j^» 4j jjlj-^ oj jl-> j-^lj^u 4 1 , „ ul (o : \ ) jj j^ '£_. jj ^-,-j (Pedal ratio )JIjl_ji 

. J! JlJ! jym ,J\ *-3jJI fljj ijja ZJ>\-uA,\ 



JIJlJI C^ulu J_j5ta JJ *-3jJI plji jj-a £aL_J,1 / JIJlJI ^ iaL^II = ^^sljuLsi-lU j-L±^=il!l 

Pr = ri-s- r 2 



JlJuil 



"^ ! 



F, 




{Jill £ijj 



(r ? ) 






JJ F n 

Jljujl 4 wn't j\ *~ J^Jlui 



(n- o) j^u!oJI4 



F r = F p xP r 



uJ 



[N] 


^IjaJI SjS 


[N] 


jffi i nil aJjS ajJs 




JI...H ^.•,l^.tl J ..^-,tl 



Pr 



V« 
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*_ajJI f-ljj ^j^ isL^o (J-tiSj uj! ma. ^^Li j^ajJI f Ijj ^J aJj 2 * 1 , I Jl JlJI SjJs S^LjiJ <_^3Ljj 



F p xS p = F r xS r 



[m] 
[m] 



Jl JlJI pljj X^=a s^ is 



UJ 



s r 




t)J 



all 



<L3 



L_u^: \\- J^=ui 



■ j''t^— jtl jj,^— ",tl ij^ujj JIjlJI ^^— j a. iaL^a (j£, «_ajJI f-lji ^^-— j^ iaL^a <_puj 



o r Op • r r 



VI 
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Brake hydraulic systems JflljiU^^yJ^Jbt^ I ^liaJJi 

OY- o) J^-, ,t, o>L^tJI Jxljia Jj Jl juJI ^ ^aj^JI ^ s^ail Ja: .^ 




. (J>alj.a.U 4-i.ujjjJI 2*<ljU,..VI • 
. AjJJuJ.1 J^alj-oJI (-.t-ulJI • 

. (J-alj-ii!! Jajuis J. p^— ■->" 11 CjLaLfl-i^3 * 



vv 
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(jSaJ^jJU^I j»LUUI U£L£J uljdi*« 



(-jajjJI 


Cjlj_L«i.l 


' 3k . iv ..." 2 nl^-i a! i 


. Cj^L^jlII i>_L»vr«J ^ la 2 * 1 1 Sj^JI (_gjl ) ill . ' 

2"il i.^stj 2 tj^ , „ t 



Hydraulic principles L&JjjJUaJI £jLm 



, /r j a_t^ =LT J aj Ja t J| J JjAtl ^1 taj^o JxUlU HydrauliCS b^a-tlj^JLiA t.yO-uLl JjIj-cJI aIc S...Ijn 

-- La i qJI I Ji_4 u-lc 2jj|_il sjJjJI 4 <a m2j tU.JI (_y-^- ' * ' ^ ^ L> u '-^di tCjL>-l > uil sJl>.j lt^- 2^jLU SjJiJI j_& 

. -» La i aJI <La»l i na (JT ic- 



( A ) e-Umtl ^L^ /(F) 2j3jil s^sji = ( P ) iU;,mi 



4_1J 



N/m 2 


JSUJI *lj^|2_.U;,MI 


P 


N 


d)La»l 1 ui.1 a Jl>-j (_y^- *J-^I^' *J-^' 


F 


m 2 


cl)La.l 1 u-1.1 ijj>-j 


A 



(Pa) Jl^au^J (jr «^a3 c ^JIj (N/m) ^ \ ^^ £i\ J0-3J ^jjJI flLa-HI 4- LLaJLIaJI ^Lljj 



VA 
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j_4> I o^-» i 4 LSjuXI C: 



or- o) j^t.t.4. juiij 




Jai '>-tl ( _ ;r ic. ^„j^— tl 4j>-1 M.aj-uG : \ X~ ^J^— ui 

Jl-Lcj < ( J-sejlII ) 4_iCj^ OLJlaJa i ul ' J I ajJ 4 i rmj 4J| aia i ul ^j_a j * lj A 1 1 4 J^~~'^^J ' ' II ajJI jJI j)J*~^~~ 
a !"■*■! p^i Sj ^j^>-VI j-ilMjtt i ..VI J] (JIj^jJI 4_^=jj>.j 3j_5JI J SH *" Jl JuJI (JLc Sj-2-ij-uLjJI 

.01- «) j^*, j r .ti r.ljU.-.f 



<L>.| i ii a (. i i n~>- l_ 




JJjilt Jli 



4a^3alj|jjuj| J^alj_o]| Sj-jIj : > 1- J^=ui 



^SyJijJU^Ij^uSykll 



(J-LJ 4-L. 



4 _ r JLc J-qThjij ( J_alj^JI (JjLij/ Jj_jjJa ^y£. A tjS'tl aj_5JI s-SLjj Cr^ (J-*-*- 1 > _/^~~'jl3J ' ' II J ' ■^-»"tl 

. 4 i Mj'JjJI o| aia • u 2 1 <L>-L_u>jj Jj^jJI I-i'iljU , ,,l 43.1 i na 
Alkali <Luujjj1 <uljWi i nVI <La»lu,ia / (JjsjlII AJljU i ul ia-LouJ = ( _ ? ^— ijtjjJ-tiJI jjj^-i"tl 

Hr = A wc / A mc 



v^ 






^ ttr 






/-^3L-daji L-tpJ 1 j i .^-.".tl X4 i inlj-II AJlala ■ u »> (_ylc SG|JLl a a-SJl = (JjsjlJI «LJ| aia ■ uf (j^a^3|i,l a ail] I 



iijjjjjtjt-jl jjj^=l1II X 4 i inljJI SMjU. , „VI a^sjj>. 4Jal i n a - JjjejiJI AJljJa 1 uf <L^=j_»- 4-£ll 1 u a 



S W c - S mc x Hr 



c^=^JJ 



JUyJIjM^'tl - H r 







^^1 



■ tiJl^V^VI 

. 4_uJulU J^alj-aJI <-_<-uLj| • 
. 4-tLLUI Jxl^aJI CjU • 



j^g I I.U ^ luoLoVl uLtlWl 



Mechanical brakes 


s --= — -*ii-= — -t i jj^ti 


Hydraulic brakes 


2 ,^-, . Tjjj i i t| J^lj Atl 


Electric brakes 


*" "J^^" Jnlj-itl 


Service brakes 


LsJl^JI J^Ij-s 


Parking brakes 


Ci-liTllI 1 (J^alj^ 


Master cylinder 


2 ,„ 1^ t| iMjU,,,*^! 



A^ 







( J_a|j_aJ| i a-LLaJ i *.;^~~' 7"J-^' ■ ^ 
S (J^alj-iill sLul a jjjjjj sjIj^kJI ^j^a | j-- LseH]| <— ^vJ I jl_t . £ 

,/ti^-^vi j*u* sto.* v -,^i .0 

S (_)>slj^JI AUij «.ljj>-i 2jljj>- <L>-j.} pLajjl (.lit uJ i __^j_J 1 (JjoIjjlII j^yjk La . V 

: V 1 ^ 1 J^L^I JSL^J.1 J^ A 
ijiu uo>lt( Fn=10 N ) 4_Oj^JI Sj_SJIj ( (i = 0,3 ) J -IjAlt./tl ^-^Vl J aLtxol ga i\i - I 

oJI^vkVI 

JjJI S*.)jU ,„V| ^^ ejjjJtl SjJUIj Hr = 5 J_alj-ail ^y^a-JjjJ .frll j-u £=tlll (jl C-qiil lij ~ UJ 

j**ji iiijk^f ^ sjijii sjsii ,.,,„^i < Fmc=20 N 



AT 




■^inl[) lliii)iillq.tvinll pilnill nnlnllniiiiiif)[ill 



1 



!2 



*\ 



XJjjJLlA /iUjU^-u j&j 



4-12TlU CjljutXL 4_«JkJVI 4-JLl>^> 



,A^ J 



^ 



^^ 



^U!( ; 



^yJJ ifcji*" JJ^ 1 £**!■ 



2aiuilulJUdLj2t4laJVl2LlUa 










■4JL44 



<>t._L>. ^j-* 3 Cjui^ Mill ^jju-usj ^j^> i\ aJl 4 a j la * a x_a (J^aLtlll CjIjL^o <_)jjJiXI < i i ..^-. ^4, (JjVI LLaLa^lAl 
<7ji_A 1 " ' 1 ijUi p j<a £__ 4_jJui CjljL^a i_ijJlTujJU ■ LaJU lLUJl^=j lQ * * (^ 3 (*— a ij-wJi (J " *>N *— ijJljJLI 



i (.(.(. (. 



Jj^jjJI (_yJj «dJlj <?-L^6_Lll «-La-sell ^^^-LiClij 



At 



2aiuilulJUdLj2t4laJVl2LlUa 









4-La-ilU CjI Ju«J,l_i Ljj laj L^jI jihIj oLlj-t^JI 3j^-<-«^J (_>^ajLUI JLLag I (_l£. <_fljjCJI { SjIbLfcJI 

L^jL-i-u|a (jiajLaJI (JLtagJ ,-le i 3jjtl!l . ^ 



AV 



2aiuilulJUdLj2t4laJVl2LlUa 










£ Vjl I La^JI (jyic. l_ £jjl} ifjjh] Oj9jJ ?-}Lua Vl r-lTcvJ i_3j_<_a3 £ 4 "uJ3 > *ja L<aJ CjLa^Ltll £>jui> ?c i ^"" ^cJ I jlj 

fl JJ ' a '9 '"*d> J - u '-' ' '■" '' J^l^^ij i"'~"'" ' U ' ' ' ""' 4-LLt-V I «.|jj>.2l ^J^iSe^ («-$-U (J-*J £ <- ' I ) n ll (j-^- vi«^Ol («"■ 

£ tiJj^>iil) iSj^- zl s-lj^*- VI i j^»-»-*3 £_cje-ia £ ( _jiajL5JI Alliij £_ aIjJ La (jr^ 1 *(jr-" J^""" 1 O^ 3 '-*j ' ** ^ J ." ^ a 



•V(3j'**~'' ** J ^""* "1 t* 1 -^- J ' (3jmi«1iI OaAjua) £ jjiajLaJ! J '^°< 4-L^== i una 



^illuLuyl 

♦ * 


2iS£X\ 


r 


.oM^yi^-j^^J. 1 


j A Q~*- ' 'j'k* 




.(jiajLaJI <_>*=>2 ^J^ «fr <J^=L1 . Y 


(J^jju (jAjLUI) 




.Jjii^ntl? ,i^.*ti^-i-i-wi.r 


J -4^ J^ CJ^^J 


^ 


.*UaJ«JI Ju£. jj^elll 4 ^— j ui i£_ jjxjso . £ 


.(aSlj 




■x la i ■■ » ' (_yic AJ t i"i jl Ojj . 1 






^j>,ilStl nj<i»- \jlj « -S X, ,^.tl \jjlj « Jjl ,V<t| Y 


j| ^>>. (Jut jl jj 




j ,al , „1 1 l<- ,Ui ,>.tl (J-"M^ 3' ' -"»"'! Y 


,U:,ut| i> l<£-. 




,Ui ,;-tl (j^j^j i/tl^-i*i-wV! 2'ilUi -»U,„i !s ;^a;,^ J 


jl ^IjjJI ^^JLi 




■J^^ 1 g^t ci-*^- 1 J^w^^ - ° 


^.Lia J-^J 


Y 


.Cj^LusjJI jl ^j-^ )l aJI 4_i_ulj.i r-Lu-il jl j-^so . "1 


^JaJl aU 




^j>iil ".tl ,- Ij -^ 1 i . i^-i iv* 2 «1 *"■ , „l ». tr V 






.J i* i"ii"ll Cj^Li-isj Jj^uLu j»J^. - i 






ci^Lus^Jia-.'l^ft-.Y 


f ^ jf cA>^ jW^ 1 




.(J^jsm x_a ^j^ejJI ^ ^j ui Jj i iiLlS a JlC . Y 


OJlJSO ^j-^ )l SjI A_ 




^j>.tl".H Nj1<" \jjlj fl -S "j .^.tl \j>lj fl Jjl ,V<t| J 


ijy u xlXJ ^_ 4-lnt Lt3 


Y 


■ 7T Vl 1 II 2 1 (jyic AJJ^-iH) jl C1<JJ . 


.(jj/jpJI 




.j_jiajLaII j^ysj^ r-LujI . *\ 







At 



2aiuilulJL»lLj2t4laJVl2LlUa 












.< ,uti ji ^uVi j^>ai a_ j^^: . v 








.^J^ejJI 4_lL>- j^tjso . A 








^j^ il Stl j^,j"^j ,Ui ,>,tl j^.j^ !5 -^l«,",l \ 






.^iajLSJI 






r 




^j^mISu 2,„|js,Uii>> *.t<- ^Y 


f 13 jf cAj^" jW^ 1 






1 i^ 2 ,tU <<tj — «|lt Sl.U.tl 2/-j ,..tl \ V 


CjJu><j ^j-^ )l aJI A_ 






^j>>il Stl ,- 'j ^1 ' > , ' i ~ , >" ' A ' "~ ' "1 *■■ "" ^ 


** *• ** *tfl ** 






.x-3jJI (Jji^ta jl Cj^LcajJI ^_ jjej>J . ^ 








.o>L«jJI.Ui.?>;a_Jii.. Y 


i^JjjJI 2-ij£. (»J-c 






.^llu.Vl^(.'ll...tl) Jjii^itl Ji-ai. V 


(JjO aJl^JI x-3j JlAJ 


£ 




.Jjn^ntia-gJaS. £ 


■Ut^ 






.Jjn^tl? .tflj.'tl^vj. o 







Ae 



2aiuilulJUdLj2t4laJVl2LlUa 










.(_>iijLUI <3X3^ 



* * 


aistiii 


f 


<~i\l '-^j'l ' l"> i '-~ ' ' • "1 ™ «■■ f 


) 






,-.^tl,,/tl-£-,wV| 3MU,t|, .j. 8 :.". 


Y 






.ial Jl>JI 4- *l_L>jl jf rL<4Jl ■ 


X 






-jMt| ^« J -,^u!,/ii^,-,^vi ;;iUi s Vj -^ . .. 


I 


4.jLi«il jTjVpVI 




.(jiajLUI <_>o>9 ^J^ 4r (J^=^ ■ 





2 ,(<£-, t| Xj,iSt| J*\ 


\ 


<~ilil. 11 ,9 j,„^-.jj[ ^«,^ 


•\ 






^j>>ilStl a,„|j\,Uii>> », i<» 


V 






.yr V\ i n 31 1 (_yic Aj^ejlu jl Ojj . 


A 






^j-^ )l aJI (_^3_>J9 2— v-l-L-vjl jl r-L«_ul . 


\ 






i Ui ,>.tl J-^J^ -^ <•' ^-*-"l| jl »-l • i>| 


\- 






■J±>^\ t^'^~>^- 


u 






, t-. « , >. Tl ^j ^j <A ^j ■*.-«. i 


u 






j>. il Stl ,- Ij -s^l i , ,^—,j"\ A a\ s,~ , „l <■. if 


^r 






,/ti^,-,^V| 2;iu,x J( ^ ',9 . u« 


> 






^j>,il Stl ^j^j^ -«■ Ui , „l ^ J^-il^jji >ijjl "». i 


Y 






.oUJI 2_ j.. •<=-!. 


Y 


j^4-jW^^' 




.<Lal,lk>JI *_a (jJajLill *lj->-l f-Lq-^o i^- Liai>- ■ 


I 


«_L*a» *2_ 2jJl2JI 


Y 


^j>,llStl 2,,.lj\ l Un>> *. 1/- 





.jlp.Vl 




^j>,ilStl Nj1<" \j\j a S *j ,^\\ \jlj a Jjl , Vrtl 


1 







An 



.(jiajLdJI i_aL>ojl - 



♦ ♦ 


ais^ai 


f 


■ ^Jj^qi Pirn %■ J^=Li^ ■ 1 







2aiuilulJL»lLj2t4laJVl2LlUa 












,U;,;-tl (j^j* j 1 2"A|.\-».t| 








.jrjLkli ^jJI J^^ £. *LbKJl . r 








.r-jLjtil *-3 jJI Jji^ta i^=j^i CjLj a JlC . t 


jl i_aL>Jjl 






^j>,ll Stl <"l\l l-^J ^1 1 1 /!•!>> 


S^J 1 






.£jLki] ^ jJI J^ta ^_ J^=G . 1 


^j-^ )l aJI 






.(_pajUiII ^_y3j£ 7t in i .it (_yic. ajjsjIu jl Ojj -i_^>-J - V 


<U^sL>-j 


^ 




.i_l!j_>Jkl Ct-Liij (_JL>- (J^=G jl ' aJJ . A 


CjLlj intl Jtlc 














Oui^ i ntl jl 




.(j-^a. 


rJI fll />uj>3i *-!l il ^ il '^liill <~tM i^sjtl i M" j| J^-rT"i ^ ) 


, 4 lrtl--itl 




Sj .t| Njlj „. 1/- ,/H^U-,^VI 2',IU, \jlj„j — -w" ^Y 








2«|*i^t|j ,U:,ut| j^>j« '2 J^ .T" jt j3'i W 








.Ui.utl j^Aj./tl^-^VI S-,1U,S -I..M \* 








j,fll,„ll l<- ,Ui,^t| (j-->>* >**"■-" ^° 








•j^^' g>>t ^ eM -? ! ^^ ■ ^ ^ 








j^j— -,tl c-j\! !5 j^.jli.tl ,u ,,^ ^ . i/> w 








^>Nil5tl<*ilili<iil"«j ( Jljt-»liUii>» *. \r \ A 








^j>iilStl^lj^li , i' : —<j" 2 ai 5* < «| * t<- \ * 








^j-^ il aJI bj-»g cl-L-vjl . ^ 








^j-^'l aJI i _j^3_^ ^_ ' aJj . Y 


oIjIjiaI 






,j>» A Stl < 4-Lj,jj . V 


(cjLiJljJi) 






2'*]. i-».t| » a jj>>il St| 2<-j ^-»-« i , ,^-.j" J il U" *. i*- J 


_lLc ^j-^ )l aJI 




Vjb(< 


;,^l'.) » ...l^t| &j:t| ^ ,/U^w^l 2MU. ^|,ii.-,...| o 


(> J^= 


Y 




•U>M ^J-^' (>» 


CjLlj intl 






2^1U", a j,r ,/H^i_-,^VI 2*«IU« i-il «l « 1 


jl 4 i a fl ^- ' 1 , 1 






^j>,il Stl <- lj ^1 < • l<: ~ -, >" <* a ' *" "<| ». *<- v 


CjLlj intl 





AV 



2aiuilulJL»lLj2t4laJVl2LlUa 

















.^-^Llo^U L^a.M~"w| JDJLJOJ <<_>. 


iajLl 




"/* - 




2I<^_ ,=;,t| , ,| , ,„| 


ai^.UI 


r 


.(Jl J i" i ir^fl jl O-U^lLI /-Ll>.J j_j>-jL>JI x_3jJI Jji^ta . 


> 


/^ajL2Jl i.Vus ^j^s 




.dijj^jil r-LLso <Lal Jl>JI (Jji^ta . 


Y 


aJl^JI X-Sj Jtlc <U^5L>-J 


1 


^j>. il Stl ,- Ij -s^l i , t^—,j~\ A a\ S~ , „l * 1/- 


r 


.A-u/ljjJIj^^lc jj^a 




. ^ '—^ J <—— * a ^J^_3CjJ 1 4^3J l"l . 


\ 


£_ ^j>» il S 11 ;Li}uij 




l£-^£-^«* ,/tltf^wVI 2',IU, Xj ,^ 


Y 


2 < il-. it| <~il^j , „tl 


Y 


.£jLkU ^jji ji &i JLaaj ,>um 2_ j^=g . 


r 






.(jiajLUI ±$A£. jf Jj.ji.-ii] ((^jUJkl) ->jlj-U '2- d^=£s - 


t 






, Ui ,>.tl ^j--J St J li ,","tl jj '> «9 J^-iT* 









.Is=jj»JI J2J J^sLtaj *'j^ 4- <J^=fc - 


1 






.^^iajLSJI ia a-£ A. cl-L-vjl . 


V 






j jj -»." 1 1 2 <^- 1« ,~, i " i\l i — -jjjj '•j^l^ i U> 1 1 >> «.. » <» 


A 






^j>,il Stl ,- Ij -s^l 1 , ,^-.j" 2 a! S" , „l * i/- 


\ 







AllLaiul^b^LjJIuLc^l^jdiwJUaci JJdau - Y 



Jlj=Lj1! VjI (jiajLSJI ^)-^-»'a c-cje^ ( (jiajLSJI Jjt Mil «_a JJi_LjUj i^^Ll LJ *j /k! tMI ojtjfc (j! i«L*Jj>» • J-sLlSJI 
Jl (S-i Mit'tl jlj ^aj ^-"J ' 2-}Ll3JI s-Lul Z j A I LaJl oJlA ,j-^~- a ^j^— » i >a . 4 ~- - ;~- i^aJI Jja uaJLi (J-a-t-i 4JI (j-a 
(_£l ^_ ^jjjj_pJI 5y_L3tii Cj^s jJi-LaJ jaJ I jl Lse-LSejLa ^j-^- )l 5JI J ^ g ,jj^~~ ' ' ' ^'j-^ aJ^tJj (J^-t-u| a /y-Lcl O -0 ^ 

_ AA _ 







' flJi La (j£. <L>JLJ LjJLc. jj^— " 4 1 ^— > ifu 1 1 a Jjj mi till pLiisjl (J^= 4r fT-T L ^' ^ jJl:w 'Jjj • d ' " ■**' (jr* 3 ^- ' f-^ 
; sLiisjjJaJlj 4_L«_uIaJ I j_t£. CjIjj^s 2I (J^aLfu-CJ i^^Lc 4J (^yJb La jj^~- _' Jl^J < (jiajLall J '^*3 

. *-2jJI (jj/jj^p (_^3_aJL>. • 

. -ij-«3-*-Jlj t_JL>JI (j"*- 1 ( ^*d>^' 4-S-Ja (_^3jJL>. • 

. /g-i i lit" 1 1 4 ^~~*J uij 2 j LaJ I 4_lL>- (j^-l i _j^s_aJL>JI • 
jlj jl i A-Ltjjla j-m AJLj-Laj s-lj^-^l lILIj (J^sLjj LaJtlc ; I i ts a LiaJ I a 4_L*-ulaJI j-t£. Cjljj-aVI CjJljsoj 



A<\ 



2aiiHlulJL»lLj2t4laJVl2jUa 










♦ * 


ai&m 


r 


^ij "^\\ • a ^j "jj^"^' 3j' * ' '^ ' ' '^"v** a A ^" ' ' *■* * r ~ 


\ 






. <>u4i ^_ LJ1J3 jt j^=g - 


Y 






. OjsJI (Cj~ i n a /^a * ' — 


r 






. (j-uj^pJLi j ui^a jl <J^=G - 


t 


/)j/a>jj| ^SaJ i La cLtixtii 




. sojjjJI ^»g CjLjL^j ^_ (J^=G - 





ji_u>J! «jijj j_ki 


^ 


. ^j'^ )l aJI (_^3^J9 ' alj - 


1 






^j„,*ijtl \j ^«tl ^j"jjj" -^ < * 1 * i: -— • '-»" — 


V 






• (—aLa^l (JjwJkl ' alj - 


A 






j>i il Stl ^j-->j^ '"" >l > -^ ( M" - 


\ 






. -iLpJI f-tij iJL>- '4r ; JJ^— '^ <— lL.mVI J^=> ~ 


\ 






. (jjujjJI Jj.jjj«-LI t _,.aL>JI (Jjjj>iil j_i*i^= jl (J^=G - 


Y 






lUi i>»U .j^sj^ (jlj"l *..\r - 
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,/ 'j"*"''"'~ |1 '^' ^J o^ a ' ~ ~ 
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. kcj intl jl Jl£. (j-uj3 <4- J^— G ~ 





(SaJoa^s /jj/a>j <£_ cLti 4-ii 




• L - 3 '-^ = J- 1 ^- *— *r!d>^ ~~ 


1 


(j^/jpJI 




. £>*-U o^H Jl / (Ji-Jdl o«p t-ilj Jl <J^=G - 


V 






. 4-4.1 ill Mitl *_a Lilj^ejiil JljJl>- / JljJl>- j_i!uLl« (Jl LaJI ~ 
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. (jj/j_pJI (jLLu/l i alj a) (J^=G ~ 
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. (/— SLg-lJI (Jilll <Lc_o_<^3=ja) (jjjjj^jJI £_ i aJj - 
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. Jj^AJ (jj Mit'tl (jj/j^G ^_ i_alj jl <J^=G - 


\ 


/)J/a>Hjl ^SaJ 1 Lt3 f\ju2i&Ju2i 
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. JjVl 3 1 At*.t ( Y- ^ ) <j fllj 11 J iU £ < M~ jl J^=G - 


Y 


Jj^l 4rt lu,it"tl Ju£. 




. 4_uGU (_5 i iSt "ill ^jjj_a^G ' aJj jl ,_)^=G - 


\ 


/)j/a>jJl ^SaJ i La ^Ltisuis 


4 


2 ,",l~,tl j ,, =:..-,! CY- \ ~) j^lj II 2 .1^ '2 , M" jf J<£-,T" - 


Y 


2 i"il"itl 2^ , ^.."itl i > 
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4!lIGJI 4_a.Liia.*TL!l Jlr 




.iillSJI 3 1 At-.t (t- X) ^\jX\ S-ii*. 2 < J.I- jl J^=g - 


Y 






2£ni\ ulJaibAaai'VI AJUus 






3buU£Oj 'iuSJJ «;.U4 'iulijl 
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. 4 i riaLJeU (j i u,it "ill j^yj^j3 • all jl <J^=G ~ ^ 


4 , „ al ->.1i 2 A , ,",«~1l 1 ;^- 


V 






A 


. (Y- \ ) ^IjJLl ;LK > ( M~ jT J^=G - Y 




. ^jaLaVI (J^bjlJI (_)A^ta ^j^a 2jjLi-i5 «.Lia^ia - Y 


/)j/a>HJI ^SaJ i La f.\-usajus 
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\> 


. CjljLLalf 1 (j-* 3 2jjLi-i5 ^Vus^jus ~ 1 




U 


. Sjm i nil aJLC jiu^ui: — Y 


J 1* i""i x_a f 1 1 a a uaJ 1 jj j la 
4jju ajlj ) n ll f-\^-UJ ijJ^jsJkl 


u 


,-,1 , „<i_VI jjl — * <~<M .^»A« IS J^_T-, - \ 


1;^ Cj it^ ,u ,^11 


\x 


M ^.. -.w 


. (fy^l fl-"' (J-Slll) jjjiJj^jJI jjj/j^J ^j^a sjjLca s-Liajjis - ^ 


^jljjJJl ^_ ; 1 ' a a . >■ 1 1 
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Oj\ (J-L^-Cdl ^_ ; 1 1 a a 1 a 1 1 
j , 1 ^ 7i~ 1 1 


^0 
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2£ni\ ulJaibAaai'VI AJUus 






3buU£Oj 'iuSJJ «;.U4 'iulijl 










. 4_uJL>JI Cj}L-a_oJI i aJj j| J^=1l3 


(jljj it| !S 2^UsU 


n 


,~,| ,„<i_V| ;,i 0< - | , M" - Y 
,~,1 , „<£_VI ; , ^| ,~,M ,^j , U\~ jf J^T" - fl 




w 



: JjjufuJiIu! <Uj)t.i,-> (3^aV i'iO - T - T 
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^j-^ )l aJI ^jj_>j A^=j) i"i <_lLj_3ejj ^j-^ )l aJI aJL^sj r^J-^-J / ^ 

. i-Lai tia]| <_>^>>^ <4- 3^-^' fr 1 ^ 3 ' J' f J- 5 ' <Ji f-^^' J-*^ 6 - (j-iajLSJI jJj^so 4^=j_ii *_3Jj/ Y 

. I'tl^-^VI i^LLaJ ^£. Ij^AJ .Ui.^tl ^jl Jb^yi J-jL-af jl fji? (_xrtiuj /V 

CiLzj intl fJ^J^LLG (j£. <L^=j^>JI J'^-' 1 * /ojj lLUJlij £alIk>JI (j£. ' dl^a "»-^VI AJLLaj J i a a '" / £. 

: f^h La CjJljso ^j-^ )l aJI 4-<-ulj.i (_y^- (j-* 3 JaJLuaJ I p-£j-> Lajtlc : (J.uajJI <LJ aX 

. r-jLJtil *-3jJI (_Lutaj r-jLJtil ^j-^ )l aJI 4-^=j i"i jj^cjj ~ ^ 

,Ui ,>.tl L ^jJ3 ^ (jbx.^1 « jI ua| j| frpl ^ Li-LtJ rjLjell «_ajJI J-a-=e-a dljjxla ~ Y 

<Lsl ju»JI <>L>JL) i La » ' a ! I (_>^>>^ ?-^^ iJ^.'^J '^ t3^ 1 ^'' fr 1 ^ 3 ' J' fj-^' f <l ' ""' "~ ^ 

. Lfl-t-a <jljjjJLi fjjJj ial JlsJI ^i^. . <tl^-."^VI iJLLaj .Ui.^tl ( _ h 3jl LLaJL aj - 1 

. dlLz^ ) ntl J^j t ' ,^.» Lilj^sJkl 



\ -0 
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4_lCj^ 4JI aia i u| J 4 i njlj «LJ| ala ■ u| (J-iJl i*ii" ^_ ^^^sljJ Jj Jtx4> O-lj aJlJt" i u < 
(j-tj ~<~\ *\ ta-Lj (JJiLj-a a I kill I I J_4>j ^j-^ )l aJI 4^=aj i"ij gjjt (""ill 5-IjJlj 4.1_Loj.a ( ^j-^ <1 aJ| j_j^j»ij <LJ| aia ■ u| ) 

. Jal^ill 

*-3Jl_l2 4_LaJ (<u-JJ 4_<_u-UjJI SMjU. , „VI i^ (jj ^3i_lJjjJl_lJI ilai uaJI Jl-J_)j ( _jiajl_5JI 4_<-ulj.} (jr-^ 1 '^^ J^-Lc 

4-^aj; i*iij (Jjt (*i"itl f'jj t-dj^so /j-^J ( (_pa->L2JI j-J^j>o S'iIjU. , „l ) 4_lCj_ii]| 4JI aia ■ u * I ^Jl Cj^Ll^sjJI (_)i-l J 

^j_a Sj.iL_L£aJI ■- 1 i ^ j i >■ 1 1 j C^\^-usz\ (J-23_J i _jiajl_5JI 4_>1 a-q-^e-a (JJ + '"'"' *-2JlJI (J-q^ca Liljselu ^JajLall ^J^jstljl 

. (J-ii )""itl ^_ 4 1^^ . ,. lLUJl^sj Lt^a-LlL^aL-La L^Ll* '"'"' (<u-> (jr^' (j^- ^j^* ll aJLlI ^j-a p ^_Ll I I Juk 

1 QJa-ll aJI 4_i_uljjJ ^-><-I' j'j) ' <<U 4 j o iti I Tciisj / lj_^u 

^j ^— » i 'j p kij * a JjJlju (Jl r-jLitil *-3JlJI J-q^taj JjLkl ^1 x-i\—us I jl fjM (j-i— > 4_i_uljjJLJ j^><-I' jlj "'U r-LL>J 
r-jLjeJL! *-3jJI Jji^ta ^j^i^a^Li (j| (_}j3 "ajjjLUz Xs\ i u a i-l!j_3elu ^j-^ )l aJI 4_i_ulj.} lILj^so Jjj^Ls ^j^l t _^aj-L>JI (jj/LjJ9 
(_^3 j_L>J I j (<ujj T jl jJLa CjIjL i ntl ^Jajua ^_ ^J-JJJ 4jL-i5jJI ^_ ^^^ojJLJkJI jl jJLa j^jjb 4-ill i n U <>Jui>j ^Qc^fl fjJI 
^Vj—il jl 1 aJuil r-jLre-U ii^jJI Jji^ta i _pajjLJ i_3L^= jl tc-l^.lo j-tg. ^^^jJLJkJI ^j^— » ) joJ Ijlj ^j '-^"i 4 jo i^t 4_I 

: a_JLHI 4-uL.ojJI JjLJ.1 J^ /o l>u 

CiLjIJ I .Ui u» Sj_Sj ((X = 0.32) o^lj-^JI JU».V till ga3».VI J_aL^a ^jL^ I jl - \ 

sFr ciii ^i-^ vi sjS v^^l ( Fn=2200N ) 

F r = nF n =0,3232200=704 N ai[^^W Sj s 

A-ijy (jiajij-i 'V (j^jLaJI 4- ^-jdi ( Fr = 5200N ) ^jUg o^La 4- ^tt^^-^vi s^ - y 

.)j= 0.3 ciii^-^vi j^L^a ^1^= i jUj - 
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Fll CjLjIJI ila-Lca SjJ9 
>-ljJI i_$IJJ LLaJLLa sj^S - 



tM 



F n =F r /n=5200/0,3=17330N oUjji^^ 
F n /9=1926N sj^iyi ^yi Jai.i sjS 

do= 186mm di= 124mm 

Fr=2100N ^jU.3 oil^-^l sjS L^j 

(ivm ) «LJI La lII j l- a I kjLaJ i La ■ uaj a 

( Tc ) J^itl f >Jl - 

R m =(186-124)/2=31mm 
T c =F r 3R m 3Z=2 10030,03 13 1=65,1 Nm 

: ^LUI J^ ,t,tb U^= l^L.Lu udl^VKl ^.LUj - £ 







d =200 








d;=120 










1 1 i 



t 



F Sp =3500N 



\ .V 
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A f =7c/43 (200 2 -120 2 ) =20100 mm 2 tiil ^vw Vl gj^ a^L^ - 
p s =3500/0, 0201=174100 N/m 2 ^Ull ^J^,^ ,U;,MI - 

: 4.JLJI oljLuJI *U| (*)ttaj. jl (D ) ^=> Ls>Li ^ /Y L>U 

( U ) CiUl^ i ntl jjjjiii^ ,JI Lpojjj (»j-»-l! (J-5j lt^ (_>ia-iL2JI (J-g-t-i ~ T 

( U) .Ui,Ut| (_^3j2 (_JJ /<u i<tl^-."^VI (_>ojJ3 Jl £allk>j| (j-a ^^jiajLaJI j-t£. ejjLdJI (JZi-U _ V 

( U ) i_Jj^>J,l *_a JjJ^J £al Ik>JI (jy Ll Ja-» uaJI <_>=>>3 <Lcj-«-3=ja i . - ^— j " - £ 

( * ) oLij intl ^sjjus (Jl (J^jjj sjJlIII (jLa ^^jiajLHI J'^** i!L>. IL. - o 

( U) 4_uJjiII (jiajljjJI CjI j (j^a J i>.'<aI a_lSjjJI (jiajljiJI CjI j JaJt-iiaJ I (_y>j£ <Lcj-«3JXja - "I 

( U )ojj_ail] JaJuiaJI <_>=>>9 icj-a^a 'A- 4 ^— >j as S I pjJI f-2-S (jylc <_>ia->L2-!l 4-a^tS Jjjju - V 

( * ) AiuJ^JI CjL^jJ.1 IL. 'LiJsui .p^aVl t^A Ll^ul^dl J^jJI " A 

4 JLtaJ jLtJlj /*tl ^— ",^VI J_aLtaj CjLjIJI dai »>> ajJ9 aJ^JlJ ^^j^ajLUI IL. Jj 2 ' 1 , 1 AJjJI ujl ui> ^j^— ij~ *V 

( D) ^i ^-.^ vi 

( X ) , U Sa CjLjI Jl JtaJLjLa SjJ9 iJ^JiJ (_)iijLaJI -- La ■ u (jyic JtaJLuaJI i_il i n-*. ^j^— i ) - ^ * 



^ .A 
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uliiditl 3jkiud (jlt uLj)Ju 






<_! 


1 


nliUttl 


£Y 


Y£ 


Zi 


TO 


W 


z 2 


Oi- 


V« 


Ni 


11A 


\X<< 


N 2 



: 4-JLU! CjIjLaJI *U? ( * )ttaj. jl (^) j^> La >Ll j-cb /Y L>u 
( v ) cCkij.^ J_il2j (j-a JlJ V jLiill (j-upil AJ^. SjL)J .V 

( » ) jLSiil (J-upJI CjLflJ JJlC (^yic JtSLill (J-upJI CjLoJ JJlC (_£jL_uJ (jj/J^lJI £- J^^'**""'^ 4 j i n'< A 



( » ) j^LlII (j i nil I * . -Vr * *i jJI ^j i nil ' ajLaULa ^j^a 4J2I . nil (JIlaJ ^jjj^III a aiaa. ^ * 

( *) I j i aaj» ' x_a *> 2 i ■■» 1 ,1 (jj/j2_pjj ^jjj_pJI S aiaji (_£jL_uJ *JJ}J iJajL) (j u-J. 1 1 

( ♦ ) Jjjj_LaJlji <L^=j^>JI d)l JLLalLa (<uMj * aiHseM Ajl^-C- (_r^- (J J ' a **" ^ J-* t — *' ' ' '"U ^J^-"^ 5 (1)-* l — S'-WJ' • ^ ^ 

5 ^>Jlj icj^JI ^ Oi^UJI ^juil /Y^ 
riving gear j^is U^j^I ( n - i) j^.mu u^= u^*j ^ i^s..^ cr^p jl Ll^jJs lij 
iU;.^tl Sji jpa Z2 jUiil o"jHl J\ Z\ aSL2Jl (j^pJI (>a fjjdl Ji jlI*^ Driven gear jUiaj^Vlj 



Fz = 



Ml 



Fz = 



M2 
7? 



^ .* 
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M , = Fz x r 



M, =Fz*R 



M 2 =M l x(— ) 



Ik 4_i al i n"a 



: <J^ <4i 



( r z ) lLjji i,MI SjJ9 (j| Lyj 

M1_M 2 
r R 



(_)2j 1-4-U-l (J-U_JpJI 4 { I n t J I J (i <] 1 S I 2 * 1 , 1 (jMjItl\ j^j-C 4 Ar I i>.a ^JJU I jLjfc (jLS F (j_0 Jj£=>\ IS. (jj vi-LS-J 



Driving 
gear 




-sS Driven 
-"^WU-v^ Soar 

(j-upJI j La£ 1 kjLaJ (j^a (Jjsl IS. jLSjJ,! ^jj^jJI >Ia£ I a-LaJ (_£l ) Jl>-IjJI (j_s JJM ^jj/j_pj| 4 1 1 u < 0_)L^== jJj 
ajjlIIj 4-Cj 1 nil ^ru 4j9}L*JI (j! (Jj-aJ LiUjiJj . «Cc.j_<-u JiJJJ Lia-Lu JJiL t_3j_i_u jLSjJ.1 (jj^pJI ,»j-C (jlJ2 ( Y JtSLSJI 



(■Luaiia ,>» ^l^j;! Jiu^ jti\ Gear Pitch ( P ) L y i> ^\ zjL*±. h^j^ ( m ) ^il uLia. j^-rj 

^J 4_Lajkl /j 1^-— Jj ( ^ V - £ ) J 1 '— 1 ifqJl ' I o^-» jjjjj^JI (J_aia i^gjl 1 n" (_jjJ'j (^LjJI m i nil 1 a 1 <aj * a (Jj jj 1 nJI 

1 ,j 1 2a t _t (2>C J^ljjj Jl>-Ij J^— 1 i"i CjI j (jLJ-i-ul LJ (jj^~»J (j! <— '- "V J l(j i^it t «_a 4 Jimi*U (jj/j^pJI jjl ^_ (jjyjJI 

. Cjeax 1 itch ^^upJi Sjiaa. ^j oAj lj jj&^aj ,ji j^v o^ 3 tiu jj 4jj1 i »" a otai > u-cj 



^ \ 
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P = 7rxm 

jj * 2 1 1 1 = m (jjj^jJI S aiaa. = r 
:( C)(j-upJI i k^** - " (_il i n-».t (-JLlII ^jjjLSJI x-us^i r^j-^-i ( U ) jjjj^jJI j Laga ( m ) (j i ii t, I lA- 1 i^^L*JI 7t-ui5jHJj 



C=7rxd=PxZ 



(jULujV! JJlC - Z. jjj^jJI a aiaa. — r j__yjj^jjl 2>j|j Ja j se a - C i>t.-L>ij 
ftxd = PxZ 

7ixd =nxZ 

d = m x Z 

S <— ll ii i nt, I Jjjjii^ L_ajUaj JJlC /Ojjoi 

: (_yJLlJI Oui^ i ii tl (jjJ-Li^gi cJijUsj /<ukl 

jj^— mil ilb*. (j-" 3 4_t£=jJ,l lIL^soj , (tl^— ",^VI aj^L 4_ajULa - ^ 

. < 1 1 hi I Cj 1 1 1 1--" * i_ 1 1 n^t. 4 ■ ^3) V I ^j i- c -j-'- u ^-^Aj - Y 
JJ.L? OuaJLLO <LajLiLa (_ylc ** ■ *— aj 1 1 JlC.L_uj - V 



^ ^ ^ 
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al".r,tl ,-.! . t.tl . J^lj Atl i ^'ilb.j j<^-.M . ^ 
riiSJlil CjIjulIL) J^lj^il cJijlisj o}Lj LdLufc 
.L^sLSjIj a 1 2 *" 1 , 1 SjulJLI <Lcj_<-u (JjJ-Sj - \ 

. (JjLo (Jjj-Ls (jr^ 1 W^J^J Jl ^ c - ilSJuil 2 Ju<JJ Ct-uTu ~ V 

(J^alj-oJI i a * i <aj i *.;^~~' 7"J-^' -^ 

.Cj>Ljej«JI JJ (2 Mir jJI ) JIJlaJI (j^a 4laj_i!l 2ji ^JLjla - ^ 

. 4JL*j«JI J-«Ij-2 f-^J ~ Y 

J-2dJ oLjl^jIj sjl^VIj cii>Lu.Vl ^jl»" ,„" ) Mechanical brakes < :^:' A ^: U J *Lr" • 

. 0- o) J^^JI ^_ U^= ( ^=^1 
<U; ^ j_2uj oUl^Ja --tj cjLJj t_c_ulil ^jiir- , „" ) Hydraulic brakes a s ^-,a 3j ju^\ j_Jj_aj! • 

(Y- o )j^-,,t, 4. U^= (J^lj-AJl ojj i^=j^.j 
*lj-jl j-ajj (-.t-uljtj p^~~ '^" cjLoLj-usj cjIjIjj>.j s-'j-* ' Iq *** I ' ^ (>j>* >■"" ) Air brakes *I^JI J-^'j-^ * 

(y- o) j^-,,t,ti4.u^3( Jaji.ritl 
J^a m, ( ^L^aJI j_2i] o>u.jJ.lj iii>Lu<Vl j> jljt- , ,," ) Electric brakes s/.i^^ti j.ai^ji • 

U- o) 



\ )i 
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*-lujj^S OjlX^VI 







L iji 



nrO^ n 






"*. >i^- Jilj 



'I 1 




LtSL^=JI <>lj^JI: I- J^-, ,t, 




ij^-inl^ajl J*l>i]l : ^ " Oj^.t. 



Luuiri j^ -■-* iiij j^iiui jj- -** iji j . 



^i-ijia^^-^k + 



15^ 



ytUU Vj 



tjSljyll J^lj^JI :T- Qj^ ,t, 



aJLo^o]! 4_,L'.ii>j 



.(L^sLIjIj slant,! sjudl i£:>^ J-lH"l! LajL-fcimXI J-a!j^i! j^jfcj) Service brakes LajiiJ! Jalji • 
iLLiuu ajl^Ij (jj^la (>g sisjit,! ajuJil < *«j" '> vi>'n„';Uj'a) Parking brakes c^jfrJl J^i>3 • 

Retarded ol ;UA\ /\ SjjJa2ll ^ ^jLiei^: ^1 ^j) Auxiliary brakes SjJsLbVl Jxlj^JI • 

. (ClLc>-l Mill *_a 4-ajLJr" i nt,l 

Drum brakes (SjloJI) LoJj^l J^lj^JI • 
Disk brakes (oL^S) ix^j-Hl j^lj^Jl • 



\ \r 
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«.jj>- (J^= (j-« (jiajJiJI ?-j_iI/ij (J^alj-aJI ^Uaj ^_ 4 i "j'jjjl s-lj^-^l j^=M .T 

: (^uJ! (j-a a I kit) (jj^~ >"'J *-^P" (J-aij-aJI AUaJ *.|jj».1 j CJU^^aufl 

. J/sIj^lii ^Lk: J I ,3jUJI *aS <>a s^JI ji iL^j Brakes Pedal j^Ij^ji (S-^ljj) ji j^ □ 

.2-^jJi 2ji 2jLj jc j^ Booster jjijJLi □ 
^jjj^ tkiu^ J\ Lu*£.ji\ Sjis Jj^>j ^ylc J^ Master Cylinder L^jJl ^ljU,,.Vl □ 



. j^aJI oi:ijU,,,t J! J^lj^ui JjL^ jm Brakes tubes & hoses jjj^jl oLJj v-uLil □ 

. oM^aJI jLi c_j^i] <>lj^Jl lLjljs 4. ^~-.it Brakes valves J^ij-Ui ciUU= □ 

. ,*n^-,^vi oLLUj j£. j5j3 sjS J\ oj>ji lLjl^ j^ Wheel Cylinder j^ji oUjU,,,? □ 

.( SjljjJI jl — (^^j-SJI) SjljjJI 
. L_dJ9jjJI Jtl£. 4 1 2 *" 1 , 1 2 JutU C-t-uTLiJ C^uIuJI (J^alj^ □ 






H = f 





( <N^V,0? 


1 JxU* )J, 


(^^) ( N) 2_ 


Ml^l-vVI 


SjJS Ff 


(^)( N) 


'2- 4j.}^a_*JI 


ajjjjl -T n 



S (J^alj^JI ALlaj *ljj>.i 2jljj>- <L>-j.} pLfljjl i. i 1 1 n" ^_jjJI (J^oIjjlII (^,^4) La . V 
. 5-!j_3-la *>^ 2jjL5e_La 4 I 2 *" I , I ~t> Juttl (J_jj-1 (J^L>- aJLoj^JI aI JlJt" i nl B 

_ U i - 
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. ( ^jj^^W 4iaj_aJI ) I Jl»- S^-^aS £sL^s J^L>- 4 j ^-— j \ I < bLSjj ■ 

■ J^lj^l *L>^ OJJJ (***■ JH^= ' 

Lflh-qAJ fj] ig-Sjj J^a I j-fll I aliaj '-^ Jla£ ■ 

JIjuU u ^-.nl^-. i U Jj j^-.- l tl ^il .A 

. JljuJI C^uiu J_J^ta (jlj £-2jJ1 f-ljj (>a £aL_uJ,l / JljiJI ^ A^L^aI.1 = L j£=L±i[£=iA,\ jjli£=Z 

Pr = ri-j- r 2 

S^y ,„^| ( ( Fn=10 N ) iLoj**]! Sj_SJIj ( (i = 0,3 ) J -IjAlt./tl ^-^Vl J aUxpl ^ i\i - I 

F l i=[i3F n =0,33lO=3 N ^i^-,-,^vi s^: j»ji 

j^ji iii^k^i ^ 2j3jii sjsii ,.,,„^i t Fmc=20 N 
Fwc=2035 =100 N j**ji iii^k^! ^ s^Sjjli s^sji : J^ji 



> >e 
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S^j>. \\ Sit *,-*-! a-g I" Jj^sjJI ^ 1^— > ■"■* <_)l_u_u I j^^iiLa . ) 

-»■ u» , „VI ^_yic A^jr i"i jl Ojj . 1 

^j-^'l all Dj a-£ J>jlj_« ^_ Sj LaJI JjIjjs J)' . -~."tl . Y 

■j-ual < gJLl (jyic ilaJblaJI <_)^>>^ J^ iV.tl . V 

ilaJI <^N (^jJSj , /tl^— ",^VI SMU^i »U,„| '£_ Ijfi'it^, . I 

.j±>*u}\ £jif ^L^il jl>^^ - o 

^j'^ )l aJI «.ljj>.| ' , ^^~~'j" A "' Sj i ul ^JlC . V 

.Cj^Lus^jI Ja_uia i- 1 1 iiUj aJiX. . l 

.OjjJLj i^l^—~,^VI SMU^i ujj mi" . Y 

.4iilJ^JI2_*L^j| jT^Luil- V 

^j^"' all <Uj/IjJ i La uus aJlC . V 
■x La i ■■ » ' (jr^- ( a 3- 36 -'-" 9' ( —*dj ■ " 

i La » ' a II t_yj^ <4- s-l-Lsol jl ?:L«jJI - ^ * 

, La ♦ i a 1 1 (_>a>^ J-^*-^ - ^ ^ 
^j-^ )l all «.lj_».| • , ^^~'j" A al aj i ul aJl£. . ^ Y 



> n 
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■ illj.j>J,l Ct-LiiO '2- J^aLi-a . \ 
, U» . V-tl ^a^js j| <Lsl Ju»JI 9cJa_m (JLc. 4-l^-uIj «JL) ,jj^~~ '"' Jl -- La i u2M Jl>-I Jjl^L^-l . Y 

.£jU«JU j^jJ! J^a 4. *l_L>ol . T 

^j-^ )l aJI cSy\-uz^ (_^Li (-JutjLa . 
.£jU«Ji ^JJI J^=ta 4- J^=^ - ^ 

.tiJj^Jkl CjljJZ c-JL-^ J^=G jl i_alj . A 

LLaJLiaJl (_^3^j ' <tl^—".^VI iiLLaj ■* La ■ uf 4_ »j a * 1 a . ^ 

^j-^ )l aJI Sj a-g-J ^j-^ )l aJI 2j-x-i5 J>jlj-a 4- (J^=G - ^ * 

(j.u^3Jt]| jl (jjjjj^jjl jl 4-J L<aAl ,1 Cj^LusjJI lJlIj jl <J^=G .^ ^ 

.J>j-aJ(-!l -ijlj-a ^ylc i<tl^-."^VI iULLaj J>jlj-a jjejso . \ Y 

..Ui.MI <>o>Sj .<tl^-.^Vl ^LLaj If. ^Luil . ^ £ 

.j_usL_ui,l (jr Lc LLaJLuaJI <_>-a>^ jJtjso . \ 

.jj^elll £jif 4- (_>^>^L>JI 1 La j 1 a a JlC . ^ V 
.^iajLSJI Ciuu 4JLLaj (Jljlal 1 La ■ 1 a t*^- - ^ A 
^j-^ )l aJI *ljj>.| • ■ jf~^J~ 4 "' Sj 1 ul (»Jt£. - ^ > 

1/^avHJl J^a J 1 1 r> ^jjj 4- tLx2> oj-i 4 L=3 ■"■ a « il 1 1 u| /__&La \ 
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